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Foreword 



Clinitul research continues to confirm thai no truth is total care of the severely traumatized patient in the first 

more transitory than that in the sphere of scientific hours following the accident. 

knowledge. Developments in the field of traumatology at The further development of the AO/ASIF concept led 

kI of this century provide a striking example of to today's comprehensive craniofacial surgery in the 

this. As early as 1890 Lambotte carried out osleosynthe- fields of traumatology, orthognatics, tumor, and recon- 

ses with plates and screws. These remained a mere epi- structive surgery. 

le, however, until Danis renewed the idea of internal AO/ASIF courses contributed fundamentally to the 

fixation 50 years later. Danis combined internal fixation development of these fields. In the course ot its world- 

with the new technique ot interfragmentary compres- wide response, the AO/ASIF philosophy has been able to 

sion.which led to prima ryboiu healing that allowed full attract distinguished authors to join the faculty of 

functional the same time. Reacting to disconcerting sta- AO/ASIF courses. By sharing their clinical, experimen- 

tkics about the results of conservative fracture treat- tal.and theoretics] experience, they take part in shaping 

ment, Mueller then applied interfragmentary compres- a special internal fixation technique in the craniofacial 

sion to 80 patients in Switzerland and confirmed its use- skeleton. The philosophical aspect of AO/ASIF courses 

fulness. in theory and practice assures high standards of quality. 

Mueller, recognizing the need for further develop- After all, the enormous progress in metal implantology 

ments in clinical application, and scientific analysis, should not hide the fact thai lack of knowledge and 

assembled a group of friends consisting of general and experience, on the one hand, and false compromises, on 

orthopedic surgeons in 1958 with the aim of creatingthe the other, can cause much greater damage than with 

necessary armamentarium foi internal fixation and to conservative methods. 

n a study group tor clinical trials Tli is group came to Thus this interdisciplinary manual provides start- 

k known as the Arbeitsgemeiusrfiafi fur Osteosynthesis dards for the application of the AO/ASIF principles. The 

frageii ( AO), and later in English-speaking countries as scientific and technological background is based on the 

the "Association for the Study of Internal Fixation" laws ot nature. Resulting from the interaction between 

(ASIF). Building on the conviction that the objectivity of pure research and clinical practice, it - umprises in the 

nature is not merely an illusion, the initiators of widest sense the fields of organization, biomechanux 

'/ASIF - Muller, Allgower.Willenegger, Schneider, and anatomy, and osteology as well as metallurgy and the 

Bondi - transformed the pragmal testily oriented concept application ol tools. 

into a scientific method of applied physics, mathemat- The accumulated knowledge is integrated in topo- 

ics,and biology In combination with systematic teach graphically defined surgery of the skull (splandinocra- 

ing of specialists in AO/ASIF courses, subjectivity was nium), including the walls of the upper respiratory and 

thus excluded as ninth as possible from the ihoic-e d digestive tracts. 

means. The goals and principles nt AO/ASIF are built on The bottom line of this surgery is internal fixation. 

this basis and are summarized in the AO/ASIF philoso- I he differences in its application are dictated by the 

phy. variety of craniofacial bones with respect to their lutu.- 

Convinced of its benefit by this approach, the maxil- tion and structure. On the one hand, we are dealing with 

idal unit of the Depart ment nf Surgery at the Univer- a motional apparatus in the area of the mandible; on the 

of Basel adopted the AO/ASIF philosophy in 1966. other, the maxilla represents a supportive frame of 

The consistent application of the two principles of ana- lamellas, among others for nose and eyes, and the cranial 

tomkal reduction of fracture fragments and stable vault a supportive frame of diploe for the brain. Cone 

internal fixation guaranteed the immediate, active, and spondingly, two qualities ol stability arc Ix-mg distin- 

p.un-free opening and closing of the lower jaw. The %u\&hed in practice: funet tonally stable ami hciitlysiable 

results were also considerably improved by the early fixation. 



V 11 1 Foreword 



In the past 10 years (here has been a rapid increase in 
the degree of perfection in treating most complicated 
fractures, disturbances of growth in the regio mastica- 
toriaand facialis, and malformations in the areas of the 
nose, eye&i and skull. These operations are further 
improved by preoperative planning with spiral 3 DCT, 
3D laser stereolithography, and virtual-reality pros- 
thetic design. These techniques still depend highly on 
international cooperation. Initial experiences have 
shown how complex craniofacial injuries, including the 
loss of functionally and anatomically important bone 
parts, can be simulated ad hoc and immediately treated 
with adequate autologous bone, if necessary in combi- 
nation with hydroxyapatites. 

Looking back to the beginnings in the 1970s and 
1980s, one can observe with great satisfaction that this 
progress has been the work of distinguished representa- 
tives of the disciplines involved. I am most thankful for 
the honor of their personal friendship and acquain- 
tance. 

This manual will be a safe standard for teaching and 
applying internal fixation in AO/ASIF courses as well as 
in the operating room. 

Great acknowledgement is due to the editor and the 
authors. 



Prof. Dr. Dr.Bernd Spiessl 



Preface 



I Ins Manual at Internal Fixation in the Craniofacial This first AO/ASIF Mann, \l on internal Fixation Tech- 
Skeleton is the result of fascinating developments in niques tn the Craiuofacial Skeleton is the product of Col- 
Interna] fixation techniques for the facia] skeleton over laborative work on the pari of many cranio- rnaxillofa- 
the past 30-40 years. These techniques are based on the cial specialists worldwide. Since the first maxillofacial 
AO/ASIF philosophy for fracture care in the general course in Davos in 1974 and ihe first AO/ASIF course in 
skeleton - ensuring early pain-free movement, precise the United States in 1984, 20 courses have been con 
anatomical reduction, and adequate fixation according ducted in Davos and 109 worldwide. with several thou 
to the various functional forces. The principles and tech- sand persons participating. In addition to these courses, 
tuques described here have grown oul ontinuous numerous international workshops have been orgs 
international cooperation involving a great number of nized lo deal with specialized topics. The principles pre- 
Specialists working in the craniofacial area. It also con- sented in this Manual have developed out of both the 
dnues the ideas originally developed by pioneers in the good and the disappointing experiences during this 
field who carried out important clinical and experimen- experimental, educational, and practical work. An 
lal research. In this context we should mention partial- important feature ol all ihe courses on Internal fixation 
larly t.'hauipy, Michelet, I.uhr, Npiessl.and Tessier. in cranio-maxillofacial surgery is that they were orga- 
In its early days in the 1950s and 1960s this approach nized by and for oral and maxitiofat ial surgeons, plastii 
■ nternal fixation ol facial bones lound application surgeons, and tiNT surgeons. In this Manual we try to 
principally in the treatment ol trauma patients. The demonstrate the results of this close international coop- 
favorable experiences gaihered in the meantime, how- eration, including the substantia] clinical experience 
ever, have led to many ol the advantages of internal fix- and research carried oul principally in the AO/ASIF 
ation being extended to the reconstruction of tumor Research Institute in Davos. 

defects and the stabilization of major osteotomies in The fact that this Manual deals only with techniques 

Orthognathics and craniofacial surgery. for open internal fixation does not reflect mi opinion on 

Today we also appreciate the important role that our part that every fracture should be operated on. How- 

lucial trauma plays in the early definitive treatment of ever, it is our opinion that internal fixation employing 

polytraumatized patients, particularly in reducing adult the appropriate technique for the correct indie. il ion - 

respiratxi y distress syndrome and multiple organ fail- entails substantial safety and diminishes morbidity for 

ttte. Close cooperation among all those working in the patients. One could even maintain that adequate and 

ious related disciplines and specialties for the cranio- safe internal fixation provides ihe best protection 

maxillofacial an i is essential to ensure optimal results against infection and is of even greater importance than 

for patients. This is especially so regarding Ihe part ici- antibiotics. Internal fixation, especially in traumatology, 

pation ol the neurosurgeon in cases of traumatology can also have a very considerable socioeconomic impact 

and craniofacial surgery. The concept of early definitive when one considers the various factors lhal affect treal- 

treatment sometimes means many hours of surgery, and ment costs - including ihe duration ol surgery, cost ol 

therefore another crucial participant in the treatment nMterials, training of the surgeon, as well as the patients* 

team is the anesthesist, and important progress has also absence from work, 

been made hi this area over recent years. This Manual is divided into sewn chapters, with a 

Four major advances underlie the great progress in single author responsible for each; only ihe first chapter 

craniofacial surgery in recent decades: (a) the technique on research and instruments has two authors. Interna 

ot approach, (b) the technique of internal fixation wiih tional contributors, who are mentioned before each 

plaies and screws, (c) ihe development of optimal male- respective chapter, have put in their knowledge and have 

rials such a.s titanium, and (d) modern imaging tech- made significant contributions. 

niques like CT and MRI. The material presented here reflects our present 

knowledge of the subject, and i is correct applicat ton can 



Preface 

surely mean comfort and benefits to our patients. On the 
other hand, however, it represents only the latest mile- 
stone on the way to further progress. We hope that this 
Manual proves an important help both during courses 
and during surgery. 

In the name of all the coauthors and contributors 
who have invested a tremendous amount of lime, 
knowledge, and work, I wish to thank especially Mrs. 
Helga Reichel-Kessler, whose continuous and never- 
ending encouragement was essential in finalizing the 
manuscript and thus in completing the whole project. 

1 want to thank especially Mr. Kaspar Hiltbrant for his 
very clear and precise drawings, which are a particular 
feature of this Manual. I am also grateful to Mrs. Ruth 
Rahn, who provided very important prestudies for these 
drawings. 

Finally, I thank the staff of Springer- Verlag for their 
excellent help in preparing this Manual for publication. 

Prof. Dr. Joachim Prein 
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1.1 Introduction 

1.1.1 The AO/ASIF Foundation 

The Association for the study of interna] Fixation 
(AS IF} was founded in 1958 in Switzerland under its 
original German name n Arbeitsgcmeinschall Kir Oslco- 
itbesefragen (AG)" a working group i» deal with 
question* on Internal fixation of fractures. This group in 
I he meantime has become an international organization 
dedicated lo improving the Cafe of patients with muscu- 
loskeletal injuries and their sequelae through research 
and education in Ihe principles, practice, and quality 
Control of the results of treatment. In 1984 this study 
group wis transformed into >i nonprofu foundation pro- 
viding an umbrella structure for its activities in the 
fields of research* development, education, and docu- 
mentation. New technologies and products developing 



from ideas and from research and development activ- 
ities are licensed lo Ihe three Syndics producers, Malhy.s 
AG lieitlach.SimU'c Medical Oberdorfc both in Swilxer 
land,, and Synthes USA, PaolL The royalties which they 
pay finance Ihe activities ot Ihe AO/ASIF Foundation, 

The ucl ivil ies of ihe Fuundal ion are supervised by an 
international Hoard of Trustees, comprising 9(1 leading 
surgeons in various specialities in orthopedics .iml 
trauma, including cranio-maxillo-radal surgery. The 
Academic ( ioiincil establishes ihe basic medical and sci 
entitle goals of the foundation, taking specific regional 
nii'ds and socioeconomic aspects ihtO account. It pfQ 
vides inpul lo research and development and suggests 
new iherapeutic recommendations and leaching meth- 
ods to be associated with (hem. The Academic Council 
is responsible, on behalf Of the Board of Trustees, for the 
Strategic and middle-range planning, and a Board Dl 
Directors ensures ihiil Ihe goals ol the Academic Cuuti 
cil can be implemented. 




Fig. 1.1 

The AO/ASIF Gun I er. This institution serves as an irilematunuil 
service cenlcr, coordinating the various worldwide su '-vines ol 
the foundation and providing support in research, develop- 



ment education, and documentation relevant t& trauma care: 
It is located in an attractive Alpine environment In I Jtrras^SwIt- 
acrland 
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Products before they are adopted by the AO/ASIF are 

submitted lo a Technical Commission, with repressenta- 1.1.3 Development 
lives from both the medical and the manufacturing 

sides. Speciality Technical Commissions exist for vari- The goal of development activities at the AO/ASIF is to 
ous fields of surgery, including a Maxillofacial Technical support the AO/ASIF Foundation in attaining its medi- 
Com mission. Although it is not possible to incorporate cal objectives by providing new techniques and safe 
into this commission every single speciality group per- equipment for treating injuries to the skeletal and loco- 
forming surgery in the cranio-maxillo-facial region, this motor system. Such development should be as universal 
Technical Commission tries to cover, across the special- as possible and of high quality and safety standards. In 
ity borders, the medical needs in a most comprehensive combination with the appropriate theoretical and prac- 
way. In the Maxillofacial Technical Commission, as ttcal teaching these methods should be simple enough 
within all Technical Commissions, the medical side out- for general use. 

weighs the manufacturing side by a five to three major- AO/ASTF development comprises the Development 

ity. This principle ensures diat professional decisions Coordination Group, the AO/ASIF Development Insti- 

regarding medical concepts and ideas are not domi- tute (ADI), the development groups of each of the three 

nated by commercial issues, On the other hand, this manufacturers, and the AO/ASIF Technical Conimis- 

structure allows for direct input from the medical mar- sion, the only organization authorized to approve a 

ket place reflecting the needs of the surgeons in the field, device. The ADI involves 30 collaborators, mainly tech- 

The AO/ASIF Center (Fig. 1.1), located in Davos, Swit- nically and application oriented. It functions in close 

zerland, is conceived as an international service center, collaboration between clinicians, research, and the three 

providing worldwide support in research, development, manufacturers and is guided and supervised by its own 

education, and documentation. Steering Committee, consisting of three medical per- 
sons and one representative from each of the three man- 

ufacturers. Documentation and decisions in all phases 

1.1.2 Research conform to ISO 9001, EN 46001, MDD 93/42 EEC, FDA, 

and Japanese Standards. 



To promote the AO/ASIF Foundation as a clinical and 

scientific research organization several mechanisms 

have been set up to encourage research relevant to 1.1.4 Education 
trauma care. The AO/ASIF Research Institute (ARI) in 

Davos is a nonprofit institution dedicated to basic and AO International (AOI) is the educational link, within 
applied research in the treatment of trauma of the the foundation, between national and regional AO/ASIF 
skeletal system and in related topics. Its scientific inde- sections, surgeons, operating room staff, hospitals, and 
pendence is maintained by an international scientific working groups involved in trauma and orthopedic - 
Board of Trustees. A multidisciplinary team of some 60 surgery throughout the world. This body coordinates 
coworkers includes specialists in surgery, dentistry, biol- courses worldwide, selects from an extensive faculty 
ogy, materials science, biomechanics, and biomedical pool to assign speciality-specific and region -specific 
engineering. The Research Institute works with clinical course faculty, and supports these teaching efforts with 
and basic scientists and with manufacturers in address- appropriate educational material. In these courses the 
ing topics relevant lo the understanding and treatment scientific background is presented, the principles devel- 
of musculoskeletal injuries and their sequelae. A nura- oped from this basic knowledge, and the way in which 
ber of other institutions are included in the worldwide these principles are to be applied in a practical situation, 
network of common interests and receive support from Bone models presenting the most important fracture 
the foundation. The AO/ASIF Research Commission patterns are used for practical training, and videotapes 
provides grants to support research projects dealing show the appropriate procedures in a step-by-step 
with trauma, surgery of the skeletal system, and related approach. 

basic and clinical topics. Its aim is to provide "seed Fellowships and scholarships are available in many 

money" intended especially to fund work on novel con- countries in approved AO/ASIF leaching clinics for sur- 
cepts and work by young researchers. geons and for operating room personnel. Membership 

in the AO/ASIF Alumni Association is open to AO/ASTF 
faculty members, former scholarship fellows, and par- 
ticipants of advanced AO/ASIF courses. This Association 
promotes communication between surgeons and the 
AO/ASIF bodies and supports symposia and meetings 
to alumni up lo date on current trends and activities in 
the fields of research, development, education, and doc- 
umentation. 
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1.1.5 Documentation And Clinical Investigations 

In its e;«ik .uy.-. Mil AO/ASIF Documenrniimi Center 
Sought to eolket information on ,ill cases treated wilhin 
the iMi.'iip. i'hi.s offered an c-norniou.s help during the 
uicering phase iji asses* in [> the efficiency and ihe 
risks ol approaches whidl nt die lime often seemed very 
aggressive methods oJ treatment. "today the emphasis is 
more on prospective studies- A decern taliped documeii 
I a lion .system has been developed. I bis system uses a 
uniform design ih,it permits local documentation I mi 
iv possibility of pooling data between different cent ei •, 
Iln 1 documentation department provides guidelines 
i! 1 ' I .i'iM;-,!,iuceineonrdmming stichmiriticenler studies, 
from Ihe planning phase to the linal evaluation. 



1.1.6 Fracture Classification 



A Lumprchensive cj4SSifictttibn has been developed by 
the AO/ASIF group that im hides ihesiteof tin- l'i'Hv|uri\ 
its degree of severity, and the .ippm.ah in ireatiiienl. 
This dassiricatiou (Fig. Ujis based on the diik'renlin 
lion Of bone segment iVavinr..-. mto ilnve types, Iheii 
lurrrun division into llmv groups and iheii subgroups, 
and the arran|>enient ot these in an as<- ending order of 
■severily uncording tn the rnorphologtcal cnmplexttiea ol 
the fracture j be difficult ies m ilieir lreatment,aj-id I lie it 

.:-!''J'.iii':.:: . Ill ;.'l.l|i|,|. in-j,., 1,1 il ■ , li h i ,,|,,- g] , :; _.|| 

ni:inge, and red and darkened arrows Indicate the 

iiRrea.sJn^ severity, Al indicates the simplest Fr'Kturi 
with the besl prognosis, and G3 the most difficult t'rac 



Bone segment 



7m 



A 




Subqro uf i Sea le of severity 



B 







Fig, 1.2 

Hiep mi |'l' mi I'm. ,iimprehensiv; Ait.'ASIF du*sifu:.,ihnri In 
Wtcci uli in WVCftty the Inn-Inn--, nft jrulttih ul..-.| IjiIm dwee 
i -i i mi ■ i ;, pea; A. l\ and C, Wilhin each I ype a rurrhin rnpuj'tilioii 
ni . • (: r...M t is i A I . A.!. A < ..-i, ) ,i Mi | xubgn?irps-(A f '.I. <\ J .J.,-i,.i is 
• i ilH-iL.igwhi rankt'd in order cdm. i. i [J . , L| Nt-verily. 



t>'hkc>uii£ wfOWX, iiiucn.muy severity In • . in-. o| both 

llkll diflfcttJtleS Mi lr,-,il.-n,.Mll .lilil I in ■ i.'\|n:i.|fd prngimsis 

.il i mk i him. Grtfajtimm\ W\H tiiyxyettour, irujnirdiule v, ■■ 
ii ( ; '<-ii. highest sever it y, i fmm Mijller el ml. 1 99 1 ) 
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Fig. 1.3 

The anatomic location in the AO/ASIF classification. In devel- 
oping this comprehensive classification system the authors 
focused primarily on long bones. 

An adaptation to the specific needs of cranio-maxillo-facial 
surgery has not yet been performed, but it appears feasible to 
subdivide this area into mandible, facial, and cranial regions. 
The mandible could then further be subdivided into collum, 
ramus, and corpus; the facial area into lateral, central caudal, 
and central cranial; and the cranial area into a frontal region, 
cranial vault, and skull base. (Prom Mullcr et al, 1991) 



lure with the worst prognosis. Classifying a fracture 
thus establishes its severity and provides a guide to its 
treatment. 

The AO/ASIF classification system was developed 
based particularly on fractures of long bones (Fig. 1.3). 



In this classification the cranio-maxillo-facial area is not 
considered as a single entity; only the mandible is 
included, listed among varia together with the patella, 
clavicle, and scapula. The anatomical relationships and 
patterns are more complex in cranio-maxillo-facial 
fractures than in long bones, and typical fracture planes 
trequently involve more than one bone. Therefore a 
comprehensive fracture classification, although offering 
certain interesting features, would require major mod- 
ifications to become suitable for cranio-maxillo-facial 
surgery. 

Classifications of cranio-maxillo-facial fractures 
began with the classical Le Fort types, an approach 
which is simple and practicable but not sufficient for 
fractures of a higher degree of complexity. In the case of 
Ihe mandible the early descriptive types of fracture clas- 
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lion were gradually replaced or supplemented by ual transitions may occur belween cortical and cancel- 

an approach concentrating on lire number ol " fragments, lous structures, by eroding now cavities inside the com 

the site, displacement and occlusion, soft tissue involve- pact structure osteoclasts earve cancellous hone out ol 

[iit'iil,iiiid accompanying fractures in the upper jaw (see the cortical bone, or osteoblasts fill the spaces in the can- 

Spiessl l*)86). cellous network to transform it into compact bone. I'm 

Classiiiuiiiotis in the cranio-maxillo-facial region ing growth-related remodeling processes no net bone 

hitherto were limited to specific functional areas, such loss should occur; under pathological conditions, such 

as the mandible or the midface, and attempts were made as osteoporosis, the balance between osteoblastic and 

||Q differentiate and to regionally expand the classitica- osteoclastic activities is disturbed, resulting in .1 weak 

taking into account the increasing complexity and ening ol skeletal structures. 

severity of fracture patterns caused by the increasing On a microscopic level the arrangement ol the 

influences of high-velocity injury. These efforts led to a organic libers is used to discriminate between different 

subdivision into comminuted fractures of the upper forms of organization. Woven bone contains bundles of 

niiillacc. lower rnidface. with or without concomitant collagen fibers arranged as in connective tissueandcon- 

mandibular fractures, central midtace, and craniofacial Elected to the neighboring connective tissue loi 

,ind panfacial fractures. It is now accepted that only instance, the periosteum. This type of tissue can be 

Imaging in three dimensions can identify and encom- interpreted as connective tissue Stiffened by the incor- 

l<lex fracture patterns observed in the era- poration of mineral to become bone. In the embryonic 

oaxillo-facial area, and it is this three dimensional skeleton woven bone is almost ubiquitous. In adults 

ipproach that will provide the basis for any luiure com- ossified collagen bundles are .still I mind at the insertion 

I' nsive classification system. sites of tendons and ligaments. The mechanism ol 

Developing a comprehensive approach for a cranio- woven bone formation is encountered in situations 

maxillo facial fracture classification comparable to thai requiring rapid bone repair processes since this media - 

described for long bones requires that the specific needs nism allows ossification ol relatively large areas in a 

is specific region are addressed. Vv'lu-n the entire short period of time, Usually the quality of Such rapidly 

cranio -maxillo facial area is to be classified at the same formed woven bone structures is inferior to a sic 

hierarchical level as a single long bone, a further subdi- developing compact bone, and alter its rapid formation 

1 of the anatomical site is absolutely necessary, il frequently undergoes furthei remodel ing to result in a 

Describing the anatomic location with sufficient preci- structure adapted to the local requirements. 

1 requires subdivisons at least to segment and sub- In the adult the major portion of both conical and 

segment levels. It the principle of tripartition as cancellous bone consists of lamellar bone, lamellar 

described in the original AO/ASIF classification is to be bone appears to be on a more spec ilic level of differenti- 

maintained, an adaptation lor the cranio-maxillo facial aiion. The arrangement of its collagen fiber bundles 

region tould consist of a subdivision into mandible, seems to follow certain functional criteria. Comparable 

lacial region, and crania] regions. The inaudible could to technical composite structures, such as steel-rein* 

then further be subdivided into collum, ramus, and cor- forced concrete or liber-glass, the orientation ol these 

pus; tin facial area into lateral, central caudal, and cen collagen bundles presents a relationship to the median - 

tml crania] region; and the cranial area into frontal area, ical function of the corresponding bone site. The forma- 

crtntal vault. and skull base. The original idea of further tion ol these highly differentiated lamellar bone strut 

n according to complexity and severity tures, deposited layer after layer, proceeds much more 

could then follow the suggested pattern depicted in slowly than the formation of woven bone. Osteoblasts 

Kg, 1.2* using the ">. pi is A, It, 1:, the groups Al.A2.A3, Bl, usually are able to form approximately 1-2 pm lamellar 

B2, etc., and then further subgroup bone per day. These layers are deposited superficially on 

the surfaces ©J compact bone or on cancellous bone tra- 
becule. Remodeling processes, a concerted action 



1.2 Bone as a Material between resorption and formation, take place on both 

the outer surface and in the interior ol compact bone. 
1.2.1 Structure During internal remodeling osteoclasts drill tunnels 

into the compact bone; osteoblasts follow and deposit 
In tlu- gross aspect, cancellous bone is distinguished new bone concentrically on the walls ol the tunnel until 
from compact and from cortical bone. These terms the lumen is narrowed lo the dimension ol the central 

the the arrangement of the bony substance but capillary. Such newly formed structures are called sec 
provide no information on iis origin or composition. In ondary osteons or Haversian systems. The result ol this 

llous bone a contiguous system ol irabeculae is remodeling is a gradual internal renovation ol an exist 
visible, whose dimensions, volume density, and arrange- ing structure while il permanently continues to fulfill its 
mem vary with site, loading conditions, and age. Grad function. This internal remodeling mechanism allows 
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adaptation of the bony si nature to a changing environ- primarily the collagen structures, which determine the 

menL tensile behavior. This composite structure is compar- 

The blood supply to the bone in the cranio-maxillo able to structures designed for technical applications, 
facia] region is abundant, with many collaterals found at such as steel-reinforced concrete or fiber-glass. Compact 
mosl sites. Inside the bony structures the nutritional bone is a iughiy anisotropic material, i.e., its mechanical 
pathways follow the Haversian systems, and these canals properties differ along coherent axes. The orientation ol 
are cross-connected by the Volkmann canals. Each its internal components is believed to be related to the 
system usually contains a single vessel ol the capillary functional requirements and the loading history of the 
type. There is evidence that inside these intracortical corresponding region. The inhomogeneous appearance 
low-pressure systems the flow direction alternates that bone sometimes presents on a microscopic level 
depending on the current conditions. Peripheral to these may be due to its modeling and remodeling history, 
capillaries the perfusion pathways follow the canalicular AniflOt ropy does not seem to play a major role in inter- 
system related to the osieocytes. These canaliculi allow nal fixation. 

perfusion over a distance of a lew tenths of a millimeter l-ven during normal daily activities bone must resist 

beyond the capillaries. large forces. The ultimate strength of bone is appro* i 

The blood supply of compact bone, especially in fi malely 1 MPa, about one-tenth that ol steel. The dtmen- 
thick cortex, requites correspondingly long low-pres- sions of bony structures are oversized in relation to the 
sure connections inside the bone and makes the com- requirements of normal use. and the strength ol a bom. 
pact structure more susceptible to disturbing inllu- therefore retains reserves lor the requirements of heavy 
ences.Once the intracortical circulation is interrupted, a physical activity. Compression applied to bone can In 
long remodeling process is required to reattach the maintained due to the springlike compressibility of the 
intracortical vessels to circulation. In cancellous struc- material. Young's modulus of axial silliness of corn 
lures the vascular supply reaches the bone surfaces bone is about 20 t'iPa. By way ol illustration, a human 
directly, and there are only few and short intraosseous tibia loaded axially with 1 000 N would undergo a short - 
vessels. All the biological reactions - resorption, remod- ening by 10 urn. The reserves of this spring effect are 
eling, healing - may thus lake place more rapidly and thus limited, and minimal bone resorption, for example, 
more intensely. In the mandible the structure conforms at an implant bone interlace or between fragment ends. 
more lo the type found in long bones; in the craniofacial would immediately lead to a loss of preload. The corn- 
region the bones often consist of thin sheets, which parably small loss (IO%-20%) observed without 
although compact in their design still have the nutri resorption is explained by the time dependent deforma- 
t ional characteristics of cancellous bone, a high surface lion under load ("creep," or, vice versa, "stress relaxa- 
to volume ratio, and thus probably are less prone to dis- tion"). A special characteristic of bone is its briitleness. 
i Lirbance of circulation. As a result the susceptibility to When deformed, for example, in elongation, it tolerates 
infection is low. and the healing times are short. a deformation of only 2% before it breaks, resulting in 

characteristics which are closer lo the behavior of glass 
than o( rubber. 

1.2.2 Chemical Composition Hone is found in a compact form in I he skeleton, and 

in a more 01 less loose arrangement, as cancellous bone. 

Bone matrix is a composite of organic and inorganic The strength of cancellous bone varies but is typically 

Constituents. The inorganic portion comprises approxi less ihan 10% ol cortical bone. The mechanical proper 

matelv 65 % and consists principally ot hydroxyapatite ties of cancellous bone depend on the amount ol "be 
|Ca l „(rt},)„(()H) J j, in addition lo magnesium, potas material thai it contains, the design, orientation, and 

sium, chlorine, iron, and carbonate in significant connections of trabeculae in relation in the direction ot 
amounts. Of the organic constituents Wi. are collagen, load, and the micros! rupture inside ihe trabecule 
predominantly of type I, and the remaining LQ% are 

noncollagen proteins, including approximately 23% 

osteonectin, 15% osteocalcin, 9% sialoproteins, 9% 1.2.4 Mechanical Glossary 
phosphoproteins, 5% ct2-HS glycoproteins, 3% albu 

min.and further proteins in smaller amounts. A force (expressed in newtons, N) acting upon a mate- 
rial results in a stale of internal stress. A force acting 
, with a lever arm is called a moment: this is expressed in 

1.2.3 Mechanical Properties newton meters (Nm). The unit ol stress [a), lorce/area, 

is N/nr. Force deforms a material. The deformation 
The material B bone"is a composite consisting of mineral ratio, strain (i: = 5L/L), is unit less and is reported as per- 
components. which are primarily responsible for its centage change ol the original dimension. The relation- 
compressive characteristics, and organic components, ship between the acting fori e ami the resulting deforms- 
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tiDQ it called stiffness: the less the stiffiaesS the larger the rather than lo local or regional boundary conditions, 

deformation. The term rigidity is often used synony- such as dimensions of the bony structures.blood supply, 

h with stiffness in the medical literature. All three and loading history. 
it'iits force, stress, strain - may he split into Static 

i ) and dynamic (changing over time) compo- — — 

Rants, 1-3.2 Load-Bearing Structures 

Aload may consist of up to three components of force in the CranioMaxillo-Facial Skeleton 
and three components o\ moment. Load acts upon a 

ialordevice.lt mayor may not change with time. The anatomy of the cranio-maxillo-facial skeleton is 

A load which does not change with lime is called static, designed to provide protection for soft structures of 

while a periodically or intermittently changing load is vital importance and to permit mastication. Important 

dynamic in nature. The compression exerted by an protective functions include encasement oi the central 

implant applied under tension is si atic, the tones gener- nervous system, eyes, and respiratory pathways. The 

ated by the function (e.g., mastication) are dynamic or shell of the cranial vault consists of a composite stnu. 

iiiiutional forces hire, including an outer and inner compact layer con- 

No component under consideration neither the static nected by a cancellous intermediate. The hemispherical 

generated by the implant, the dynamic force result- design, together with the layered structure, makes it spe- 

illg from fund ion, not the amount of surface area upon dally suited to protect against direct impact. In the mid 

which the forces act - is distributed evenly over a frac- Lice the cellular structure, reenforced by the nrbito- 

ftttearea. Therefore at different sites different mechani- zygomatic frame, is able to act as a shock -absorbing 

. i] conditions ma) exist .it different times. structure. 

During mastication the mandible moves relative to 
the rest of the skull. Forces act at the attachment sites ol 

the masticatory musculature and in the occlusal plane. 

1.3 Fractures in the Cranio-Maxillo-Facial Skeleton These forces are transmitted from the teeth tc tin -alveo- 
lar bone, and from there to the bony structures of man- 

1.3.1 Origin of Skull Bones dible and maxilla. The maxilla is connected by lour main 

trajec toi ies. to the orbito zygomatic frame, which is then 

Two different mechanisms of bone formation are connected to the neurocranium. 
Observed during embryogenesis: membranous and These structures are of paramount importance in the 

endochondral bone formation. In membranous bone repair of facial fractures, and they are addressed speed 

formation the ossification process lakes place by direct ically in the respective chapters. The mandible has a 

mineral deposition into the organic matrix of mesen- shape which is closer to the shaped a tubular bom-. The 

chymal or connective tissue. In the skull this is the major major muscle forces meet the mandible in the area ol the 

mechanism observed. The frontal, parietal, and nasal angle and in the ascending ramus. Reactive forces in the 

bone, the maxill una, and the mandible are all of occlusal plane are generated during mastication. This 

membranous origin. lends to bend the anierior portion of the mandible can 

In endochondral bone formation primarily a carti- dally. Thus an important tensile component is created in 

inous template is formed. This cartilage is gradually the alveolar portion of the mandible. In the case ol an 

transformed; it becomes mineralized and is then interrupted mechanical integrity of the mandible the 

replaced by bone. While this mechanism is the main pro- repair must concentrate primarily on these tension 

sol formal ion for long bones, in the skull the carti- zones, and the correct placement oi the implants is 

laginous origin is restricted to the nasal septum and to determined by the location and type of fracture and its 

internal bony components of the nose, occipital bone, relationship to the tension zones. However, it cannot be 

and cranial base. AppositionaJ growth in all bones, assumed that placement of an implant on the presum 

whether of membranous or endochondral origin, pro- able tension side immobilizes a fracture under all pos- 

cecds via membranous bone formation. Due to the sible physiological loading conditions Tlu correspond- 

ongoing modeling and remodeling processes scarcely ing chapter on the treatment of mandibular fractures 

any original bony material is left in the skull alter expands on these aspects and indicates the prelerred 

growth is completed, and no remainders of calcified car- sites of implant placement for the specific types of frac 

e are detected. Ii is often discussed whether the ori- lures, 
gin of the hone plays a significant role in later repair pro- Loading of ihe occlusal plane may reach quite high 

cesses. This question has not yet been addressed in a values. Maximum bite forces in an average population 

comprehensive manner, but there is no evidence that are found in an order of magnitude of 200 -300 N in thi 

possible dilferences in repair processes observed in long incisor area, 300-500 N in the premolar region, and 

bones are actually due to the embryological origin 500-700 N in the molar area. Elect romyographic inves- 
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ligations have shown that the masticatory musculature including vascular and nerve damage, soft tissue contu- 

is activated in a more or less symmetric fashion, even sion,and other injuries. 

when ihe load in the occlusal plane acts asymmetrically. Concomitant injuries may include nerve damage 

The values found during normal mastication are usually (mandibular, infraorbital, optical, facial nerves), and 

much smaller, amounting to only a fraction of the max- vessels. Due to a rich network of collaterals, however, the 

imum biting force. latter docs not po.se severe problems to the blood supply 

In the case of a fracture in the angle of the mandible, of the region. Even lethal complications may result from 

70 mm distant to die incisors, and a biting force in the dramatic blood loss through an injured maxillary 

i HCisor area of 300 N, a moment (force times lever arm) artery. Penetration of the skin or the mucosa, in contrast 

of approximately 20 Nm would result. The higher loads to the situation in long bones, is unproblematic in the 

in the premolar or molar region, combined with the cor- c ran io-maxillo- facial area. 

respondingly shorter lever arms, result in similar values The vascular situation in ihe mandible is to some 

lor the moment. Additional torsional components must extent comparable to the situation in a long bone. The 

be considered the greater the load deviates from the cortex reaches a certain thickness, and if the intracorti- 

midline. cal circulation is interrupted, a corresponding delay 

Assuming the mandibular body to have a height of must be expected until the blood supply has been rees- 

30 mm, and muscle forces to act symmetrically, a unilat- tablished. In contrast to long bones, however, closed 

eral fracture must still bear 10 Nm of this moment. This muscle compartments do not pose a problem in the 

means that under maximum loading conditions, and skull. In the midfacial and cranial region the bony walls 

provided that the fragment ends are in contact, an are thin; diey frequently remain attached to the sur- 

implant placed at the cranial border of the mandible and rounding soft tissues. Experience in c :1 anui-facial sur- 

its anchoring devices must still be able to resist a load of gery reveals that even if the soft tissues are stripped, the 

more than 300 N. connection to circulation recovers rapidly. Thus the sus- 
ceptibility to infection is minimal, and the tendency for 



healing is good. 



1.3.3 The Fracture In summary, the fracture event leaves us with an 

interrupted force transmission in the involved skeletal 

The skeleton provides a rigid frame for physical activity parts, with an interrupted blood supply inside the bone, 

and for the protection of soft organs. The basic require- and with a more or less disturbed circulatory situation 

ment for optimal function is adequate anatomic shape in the environment of the injured bone, whereby the 

i nd stiffness (i.e., resistance to deformation under load), nutritional problem is by far not as severe as in a long 

Fractures are the result of mechanical overload. Within bone, 
a fraction of a millisecond the structural integrity and 

thus the stiffness of the bone can be interrupted. The 

shape of the fracture depends mainly upon the type of 1.3.4 Biological Reaction and Healing of Bone 
load exerted and upon the energy released. Torque 

results in spiral fractures, avulsion in transverse frac- Healing is defined as restoration of original integrity. 
tures, bending in short oblique fractures, and compres- Clinically this goal is reached when the bony structures 
sion in impaction and in higher comminution. The tat- can resume their full function, even if on a microscopic 
ter mechanisms are encountered principally in cancel- level the structure of the bone has not yet reached the 
lous areas and in shell-like structures as they are found appearance of an unaltered bone. For successful healing 
in the cranio-facial area, where the honeycomb design minimal requirements of both a mechanical and a bio- 
acts as a shock absorber. logical nature must be met. Biologically the healing pro- 
file degree .'I fragmentation depends upon the cess depends on ihe presence and appropriate function 
energy stored prior to the process of fracturing; thus ing of cells that are able to participate in the various 
wedge fractures and mult i fragmentary fractures are phases of the healing process. These cells must reach the 
associated with high energy release. In this context the site of repair, and their activities must be supported by 
rate of loading plays a role. adequate nutritional supply. A sufficient blood supply is 
A special phenomenon is the implosion which occurs therefore a primary prerequisite. Biological events in 
immediately after disruption. Such an implosion is fol- fracture healing at any time are strongly affected by the 
lowed by marked soft tissue damage due to cavitation, mechanical boundary conditions. Biological reactions 
comparable to the damaging mechanism in a gunshot in turn may affect the mechanical environment, 
wound. Thus in addition to the disruption of the intra- The situation at the onset of fracture healing is char- 
cortical blood vessels, the vascular damage is extended acterized by the intracortical blood supply to the frag- 
into the neighboring soft tissue regions. This damage is men! ends being interrupted by the fracture trauma, by 
then superimposed to the direct action of the trauma, an injured soft tissue bed, and possibly by damage to 
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minor afferent or efferent vessels. Depending on the characteristic for minimal strain, oi the healing via a 

local situation and the fracture pattern, int laconical cascade of tissue differentiation which is observed 

ision ol the Fragmenl ends is interrupted overa dis- under Interfragmentary motion. This can be attributed 

; of several millimeters. Surge ry then may produce to the fact that the degree of immobilization changes 

ultiitional trauma. with lime, anil thai even in the .same fracture differenl 

As a reaction to disturbed blood supply, a process of strain conditions may be present (Fig. 1.4). At one site 

internal and surface remodeling of the affected hone the conditions for direct remodeling across the fracture 

begins; the first traces ol resorptive activity may become plane could be met primarily, produced by lull iramobi] 

visible - 1 3 weeks after injury, I hiring this remodeling ization oi the fracture by the implant, or secondarily 

ess nonperfused bone is replaced by new vital bone, when callus has bridged at other sites which would then 

In parallel, beginning as early as the end of the first provide the conditions for remodeling across the frac- 

week,ne\vbone formation is observed predominantly in lure only at a later stage. The simultaneous oecui I 

ubperiosteal region. The further i muse of the entire of both patterns is also possible when the mechanical 

healing process is then determined by an interrelation- conditions within the same fracture vary. Then at one 

ship between mechanics and biology. site immobilization is sufficient for direct union while at 

Simplistically, only the healing patterns under the other sites interfragmentary motion determines a heal- 

hvo mechanical extremes are described, namely abso- ing pattern with resorption ol the fragmenl ends and a 

Ink- immobilization ol the fracture and full range of union via a differentiation cascade. 

interfragmentary motion, ignoring that the situation After complete immobilization of the fracture plane 

iii;iy be differenl at differenl sites and may change with the radiological aspect of a healing fracture differs from 

tine. the conventional appearance in which the progress ol 

I'uder interfragmentary motion the tissues are con- healing can be Judged by I he amount of callus formed. 

tinuously torn ami squeezed. The tolerance oi various The fracture is barely visible altera perfect alignment. 

les to deformation differs, being high (up lo Alter interna] remodeling has begun, (here is a gradual 

I lor connective tissue, much lower for cartilage reduction of radiological density in the fracture BX< I 

(10%-I5%),and lower still for bone(2%).Tissuecanbe which is due to the internal remodeling activities. With 

assumed not to form under circumstances thai would lime the fracture site appears increasingly diffuse in the 

illow its existence. If minimal deformation exists radiogram and gradually disappears, It is difficult to 

from the start, the- conditions are met for the formation determine from the radiological appearance when func- 

nl bum-. 'I luvse are the conditions which allow the osteo- tion can be allowed again. Experience shows that the 

a cutter head, lo drill their canal across the remodeling of a mandible to full load bearing and plate 

Immobilized conlacl /.one. and the newly formed osle- removal requires 1-6 months, a shorter period than in 

> link the two fragments together. This process is long bones, with a recommended period to implant 

i direct or primary bone union. Smaller gap areas, removal of 1.5 years in the tibia and 2 years in the lemur, 

when immobilized by neighboring contact zones, still In the midfacial and cranial regions the healing process 

it direct lamellar ossification inside the gap. In is even faster. Here bony fixation of fragments may be 

larger but Still immobilized gaps woven bone formation observed even .liter 1 month. I his is t.\uf to the excellent 

est step subdivides the space; the smaller compart- circulatory conditions in this region of the body and lo 

ments produced by this subdivision are tilled by lamel- the thin dimensions and tin cancellous charaeiei oi 

li: bone in a second step. bone, allowing a more rapid recovery of interrupted 

In the case of high interfragmentary motion, the blood supply. The healing of grafted bone follows the 

i in the fracture gap exceeds the level tolerated by same rules, with accessibility to circulation oi the bony 

ification is not possible. Here one observes structures of the grail and the mechanical relationship 

5 tissue differentiation cascade from granulation tissue at the graft -host interlace playing an import. oil rob 

iiinective tissue, fibtocartilage, mineralized cartil- The current preference is to reduce the iatrogenic dis- 

voven, and finally compact bone. Along this diffe- turbance of blood supply to bone by designing implants 

rentiat ion cascade there is a gradual in< rease in strength that interfere less with blood supply and by introducing 

.uivi in stillness of these tissues, while at the same time more biology-friendly fixation techniques. These S©- 

Ihe tolerance for strain is reduced. This brings about a called "bio-logical" plating techniques offer advantages 

gradual reduction of motion and thus a reduction of especially in comminuted fractures, where additional 

interfragmentary strain. This differentiation cascade exposure would result in the product ion of dead bone, 

permits a consecutive tissue always to be formed under and in condylar fractures. For this type of treatment it is 

protection of its precursor. hoped that a certain compromise on the mechanical side 

There are dearly various degrees of immobilization is compensated by the clear gain on the biological side 

of a fracture. Even in the same fracture plane a certain by preserving vascular connection to the bony frag- 

pari may present the pattern of direct healing which is ments. 
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Fig.l 

4 Patterns ol fraciurc healing, The appearance of a healing Frai 
hir r mined by the geometry ol the Fracture zone, the 

degree >*i immol n at various sites, and theit ih .urges 

occur imp over lime, 

An ibiolutely perfect atignmenl <•) the entire fracture is not 

pou ect contact between the Fragment end* is restrU ted 

'inly small port u »ns, Tlu- ivni.under consists of a gap ofvar- 

idth. Complete absence «>i interfragmentary motion U 

possible only in contact areas and in gap zones in their close 

I! this zone is completely immobilized! whether From 

beginning or as a sequel to ban) bt idging -it olhei sites, 

direct iiiiianirtH.i! remodeling ai ross the Fracture plant- may 

take plan .u contact sites (i). In ■ first step small Immobilized 

gaps an rectlywith lamella! bone (b). Then secondary 

remodeline,|c) m the axis ol the bone gradually leads to recon 

on ol the original integrity, Phis phenomenon ol frac- 

lure healing without intermediate steps ol tissue differentia- 

direct. or primary, bum- healing. Pure direct heal- 

emc healing pattern on the tme side nl the scale, 

terms tn be relatively rare 

The further away from the contact areas, the higher If ilie 

iicfur interfrag mental ) motion of vat lous di | fees, and the 

tap is usually wider. The healing pattern m these tones is char- 

unoi the fragment ends, callus formation, 

and interfragmentary ossification via lifle- 

rentiatioa This leads to ■ gradual immobilization during the 

healing process this pattern, found on the othei extreme ol 

frequent. Intermediate stages, for instw • rhi ub- 

i ni a wide gap by the fonnation ol woven bone >rJ 

beobsej in en the two extremes. 

irk phase during the healing pi ry happen 

th.il racturc are under relative motion 

while oilii is hci mimuhili/cd. I litis in a single Ir.ii litre H 

iblc to obsert pectrum ol different healing 

patterns. Asa routine, however, only a narrow Kind trom the 
mil rsng« <>i healing patterns reflect* the situation ol thai spe- 



r the past decade distraction osteogenesis has 

j popular for lengthening pn ■ ■' in long 

5 and in bone segment transfer, and it is now gain 
Ihg increasing importance in the cranio m.ixilln fei i J 

During distraction woven bone lorms in the 
traction gap. The speed ol iumi must be high 

jalough to prevent bon) bridging, and slow enough to 
it the differentiation to bone. A total amount o4 

I i per day, in one to four steps, has been (bund to be 

adequate. Under continuous distraction the daily dis- 
traction . i .in be approximately doubled, whu h 
tat the overall treatment time can be corre- 
spondingly reduced. 
Efforts at pharmacological enhancement ol healing 
lie or regionally applied substances, osteody 
runtic agents. cytokines, hyperbaric oxygen, or physical 
lation, for example, by electric, magnetic, 01 ultra 
sounJ e fleets have shown varying di tss in 
Miicni.il settings These method not yet 
matured to a stage at which they can be considered foi 
general clink. iJ application. 
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Fig. 1.5 

I -racturc healing recovery ol iiieclianu.il function. Initially 9 

in almjj 1 1. k lore presents low strength and Ux teas. Pur 

ingapprnximai* Iv the fourth is ,i diamalK vhange 

in mechanical properties occurs towards the properties ol not 
m.il hone. In an undisturbed situation mineralisation across 

ihefracture plane lal Ins time. If the loading of the 

mineralizing fracture does no1 exceed certain limits, healing 
eeda normally. Undue loading of such a uniting trat lure at 
a critical moment may ilisiurb the mineralization pre 
lead to a delay In bony anion, or, it compensatory nealing 
mechanisms fail, to a nonunion. 



Potential complications in fracture healing include 
Infection, refract are. delayed healing, nonunion, implant 
tadure, and implant loosening. Some of these complica- 
tions Bie related to the use of implants, and some aw 
more general phenomena in fracture healii 

Hue tn the rapid h< .ding in the cranio-mavilln facta] 
region the bone regains sufficient strength v. Iv. In 

contrast to the snn.it ton in long bones, in the i rank) 
nwixilli. I.icial area a re fracture does not OCCUT without 
adequate trauma. 

The tli'i.i in inlet lion may include both aerobic and 
anaerobic germs, and Aspergitt i Acffnonrj 

Infection generally begins when the soli tissues VX 
severely damaged, ,nul perfusion to the heme ami itssur- 
iding (j ! interrupted. An open wound alone, 

in the skin or in the oral cavity, with impl.mi expo&uri 
does not necessarily mean that a deep infection will 
ensue. 

Nerve injury may be due to the original trauma, fot 
instance, in mandibular fractures. Since it cannot be 
excluded that surgical procedures further compromise 
nerves, n is wery important thai the neurological situa- 
tion bedest ribed prior to surgery in order to avoid non- 
justified claims. 

Healing is considered to be delayed when the union 
takes clearly longer than the expected duration, for the 
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midface more than 4-6 weeks (Fig. 1. 5). With the man- ♦ Fractures of the atrophic mandible in geriatric 
dible, if little occurs within 12 weeks, one can expect patients 

there to be a problem and must take some action. Dis- • Infected fractures of the mandible. 
covering a delayed union in conventional radiograms is 

difficult, and not reproducible. Standardized, soft radio- Another absolute indication for internal fixation which 

grams repeated at intervals can sometimes be investi- affects even the type of fixation is the patient's inability 

gated for changes. Once a nonunion or pseudarthrosis or unwillingness to cooperate. This is sometimes the 

has developed, it does not require resection since the tis- case with elderly, mentally retarded patients, alcoholics, 

sue in a nonunion represents only an early stage of tis- and drug addicts. The first and most important reason 

sue differentiation, and the only problem is too excessive for adequate internal fixation must be the immediate 

a strain to permit mineralization of the moving fracture restoration of form and function, the relief of pain, and 

gap. The use of a stiffer and stronger implant, for exam- the avoidance of late sequelae. Socioeconomic factors 

pie, a reconstruction plate of any type, would allow the such as short hospitalization time and early return to , 

further progress of the differentiation process. work are of secondary concern but do play a role 

Screw loosening, with subsequent loss of stability, dependingon the economic situation, which may varyin 

may be a source of complications. Monocortical screws different parts of the world. 

lacking angular stability in the plate are especially prone Especially in polytrauma patients there is an absolute 

to such complications. Other possible causes include and principal indication for early definitive care. In 

insufficient numbers of screws, their inappropriate these patients surgery should be performed for all frac- 

placement, and undue functional loading. Inadvertent tures simultaneously. Swelling is not a reason for delayed 

stripping of screws during insertion, perhaps hidden treatment of facial fractures. 

behind a higher moment with self-tapping screws, may Sufficient (adequate) stability is the safest protection 

be problematic in a thick cortex; direct mechanical bone against infection and is more important than antibio- 

damage can be induced by the insertion of non-self-tap- tics. Furthermore, stability prevents the collapse of the 

ping screws into a pilot hole that is too narrow. reconstruction in traumatology and tumor surgery. In 

orthognathic surgery internal surgery together with 

precise planning helps to predict the result, but it cannot 

1 ,4 Indications for Operative Treatment of Fractures prohibit relapse if the planning is not well coordinated 

with pre- and postoperative orthognathic treatment. 
Modern bone surgery aims at rapid recovery of form 
and function. This must be the goal of every surgeon 

treating craniofacial fractures and tumors with consec- 

utive bone defects or performing osteotomies for the 1.5 Operative Reduction and Internal Fixation 
correction of craniofacial deformities. The degree of 

stability required in each situation depends on the frac- 1 .5.1 Reestablishing Stability 
ture pattern. Optimal, not maximal, stability is required. 

Under these conditions undisturbed healing takes place, Fracture treatment in general strives for complete and 

and the fixation is optimal or adequate. Absolute and rel- early recovery of skeletal function. Therefore solid.com- 

ative indications can be defined for internal fixation in plication-free union in appropriate anatomical shape is 

patients with facial fractures. The decision for conserva- the basic goal. The appropriate anatomical shape varies 

tive or surgical treatment depends on the type and con- depending on site and character of the fracture. In an 

ditionof fracture and on the patient's condition and sit- intra-articular fracture precise reconstruction of the 

uation. It is an absolute precondition for surgeons using articular surfaces is a goal in its own right. Any incon- 

internal fixation for fractures to understand conserva- gruity of the articulating surfaces gives rise to areas of 

tive treatment first. high stress and thus promotes posttraumatic arthrosis. 

Closed and simple fractures can well be treated with Fractures through the dentate regions require a precise 

conservative methods, the simplest method being inter- realignment, as occlusion may otherwise be endan- 

maxillary fixation for several weeks. gered, and fractures involving the orbit demand perfect 

Functionally stable internal fixation is indicated for: reconstruction lo avoid problems with vision. In addi- 
tion, the esthetic appearance ol the lace, which is deter- 

• Multiple or comminuted fractures of mandible and mined largely by its underlying skeletal parts, deserves 
maxilla special attention. Early reconstruction of the normal 

• Panfacial fractures anatomy generally offers the best prospects for optimal 

• Delect fractures recovery of function and esthetics and is preferred to 

• Wide open fractures "tolerable malalignment" which requires corrective sur- 

• Dislocated mtdlace fractures gery at a later stage. 
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The general goals of operative treatment include the 1.5.2.1 Stainless Steel 

early anatomical reduction of fracture fragments* main- 
laming their position after reduction, and guaranteeing Stainless steel consists mainly of iron (62.5%), chro- 
union in the desired position. Completely immobilizing miutn (17.6%), nickel (14.5%), and molybdenum 
the fracture requires that the- means of fixation act {2.8%) »ud further components in minor amounts. The 
directly at the fracture site. These fixation devices must implant quality of 316 L stainless steel meets the metal 
neutralize the loads occurring under everyday func- lurgical requirements established by the American Soci- 
tional requirements in a specific situation. To obtain ety of Testing and Materials (ASTM) and the Interna- 
appropriate stability one must therefore consider the tional Organization for Standardization (ISO). Two 
personality of Lhe patient, type and site of the fracture, grades of carbon contents and four grades of cold work 
soft tissue conditions, and many other boundary condi- are defined from annealed to extra hard I or AO/ASIF 
lions which can affecl the outcome. In selecting an maxillo-facial implants steel was the metaJ of choice 
appropriate implant it is necessary to estimate the until 1986. Corrosion resistance and compatibility are 
expected magnitude and duration of load for each spe- fair. Implant metals are protected from corroding by a 
cific case. A special danger is underestimation of loading passive layer consisting of nonsolubie corrosion prod- 
conditions, for instance, in collum fractures and frac- ucts. Corrosion is observed principally when one metal 
lures in an atrophic mandible. While miniplates in the component frets against another metal component 
horizontal ramus of the mandible can perform perfectly (fretting corrosion, Steinemann 1977). 
when they are loaded in tension, their stabilizing tunc- Surgeons in many countries prefer not to remove 
lion may be insufficient when they are placed at a site implant material. One of the reasons may be that the 
subjected to varying types of load. In addition, the removal of up to 1 plates and 50-60 screws used in fix- 
requirements for a fixation device change over time, ingfedal fractures often means an additional major sur- 
During a normal healing process bone takes over grad- gical intervention. For this reason the Maxillofacial 
ually.and the implant is unloaded. If the healing process Technical Commission has decided to ask for implants 
is delayed, the implant must take care of additional load, made of commercially pure titanium. Although liia 
and it may then undergo fatigue failure. nium is more expensive than steel, it may be more cost 
Alter a fracture the transmission of compressive effective in the long run because of its favourable char- 
forces can still take place across a fracture plane. The acteristics (no known allergies, no second intervention), 
bone remains able to take over the compressive tasks, 
and the implant must substitute for the lost tensile prop- 
erties. This load sharing between the bone and the 1.5.2.2 Titanium 
implant allows implant dimensions to be used that are 

much smaller than those necessary for the full loading Commercially pure titanium consists of titanium and 
spectrum. In the case of a bony defect and in commin- oxygen. It is extremely insoluble and consequently is 
uted zones a plate is loaded in bending. Sooner or later inert and biocompatible. Today it is available in grades 
even a strong plate will fail in fatigue.since plates are not 1-1V, combining high strength and ductility. The basic- 
designed to cover a prosthesis function permanently, differences in grades lie in their oxygen content. All era- 
Under such conditions the bone regeneration must be nio- max i I lo -facial implants are available in titanium. 
monitored carefully, and active intervention is required Only the 2.7 line (screws and implants) is still available 
if the healing process does not proceed in the expected in steel. 

va Y- Severe trauma of the facial skeleton may require ,t 

great number of screws and plates, and titanium 

implants are therefore preferable because they can be 

1.5.2 implant Materials left in place. According to Steinemann (J 988) the body is 

saturated with titanium, and no additional soluble tila- 

An implant material for fracture fixation must be strong nium can thus become active. In contrast to steel and its 

ami ductile, adaptable to lit the bone surface, and bio- components, pure titanium is physiologically inert, and 

compatible. Today one uses principally metals such as its unmatched tissue tolerance has been scientifically 

stainless steel, chromium-molybdenum alloys, or com- and clinically proven. Titanium has a high corrosion 

mcrcially pure titanium. Except for a short period in the resistance due to the spontaneously forming thin oxyde 

early 1970s when soli titanium was used, the metal of layers on Lhe surface which guarantees that the material 

choice of cranio-maxillo-facial surgery was stainless behaves passively. 

steel until approximately 1986. For the maxillo-facial The golden color of AO/ASIF titanium implants is 

field, however, titanium is now almost exclusively the due to the anodizing process. A variety of colors can be 

material of choice. produced, depending on the thickness of the oxyde film. 

No accompanying corrosion is observed even in cases of 
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unstable interna] fixation with tissue stained dark by criteria are less important at sites ot easy access in out- 
pure titanium abrasion particles (O. Pohler, personal patients in whom the procedure can be performed 
communication, 1988). Pure titanium and its wear prod- under local anesthesia. 

BCtS behave passively and provoke neither toxic nor There are a whole series of criteria which favor 

allergic reactions. AC) choose not to add alloys to pure implant removal, related to both the patient's concerns 

titanium in order to preserve its excellent biocompal- and medical considerations. Patients may request that 

ibility- Implants of titanium alloys are available only for the implant be removed for cosmetic reasons when it is 

special high-Strength indications outside the maxillo- shining through thin skin A general feeling of distur- 

Eacial .irea. bance may be caused by subacute complications includ- 
ing chronic infection, compatibility problems, and aller- 
gic reactions. If the implant is at a prominent location, 

1,5,2,3 Biodegradable Polymeric Materials such as the eyebrow region, it may lead to mechanical 

problems, for instance, in impact sports, and in cold cli- 

Since it is generally desirable for no foreign body mate- mates an implant immediately underneath the skin can 

rial to remain, efforts are being made to develop biode- increase sensitivity to coldness. Problems with dentures 

gradable materials. However, biodegradable polymeric in the upper and lower jaws may also encourage implant 

materials are not yet available for use with conventional removal. 

techniques of internal fixation which dissolve after a Complications such as screw loosening, implant fail- 
certain period in the body, and which combine adequate ure, and infection very often require surgery. If screws 
strength, ductility, maintenance of compression and loosen before the fracture unites, restabilization is 
degradabilily, and lack of tissue reaction. A search has needed. An argument for removing loose screws is the 
been going on for biodegradables and ceramic material chance of their migration to undesired sites .Infection in 
especially for surgery ol (In [,k ial boms. A decade ago the presence of an implant is not necessarily a reason for 
we expected to be using mainly biodegradable material removing the implant. II the fixation is considered to be 
by now. For many reasons, however, including stiffness stable, an implant can be left until the fracture is com- 
of the material, bending characteristics, and especially pleiely united since controlling an infection is easier 
the unfavorable characteristics of late resorption this under conditions of stability; the implant can be 
has not come true. While adequate biodegradable removed later when the bone has united. Wound con- 
implants are not yet available for fracture fixation in lamination is noi a contraindication for the placement 
highly loaded areas or defect reconstruction, it seems of an implant since stability helps in fighting infection, 
that for the fixation and reconstruction of mtdfacial If an infected internal fixation is unstable, implant 
walls (especially orbital walls) resorbable implants will removal and restabilization are mandatory. 
be available in the near future. Resorbable implants are The materials used in implants for fracture fixation 
especially desirable foi bone surgery in children because have proven their biocompatibiliiy. Stainless steel, how- 
ol the danger of implants being displaced through the ever, contains components that may be problematic if 
growth and bone apposition of the growing facial skele- released from the alloy. This can happen when implants 
ton. On the other hand, one must be sure that the pro- fret against each other, which leads to destruction of the 
cess of resorption does not disturb the growth process. oxide layer on the surface of the implants. In this context 

allergic reactions deserve special attention. Tt has been 

shown that up to 20% of certain populations are sensi- 

1.5.3 Implant Removal tive to nickel, a major constituent of stainless steel. The 

occurrence of severe allergic reactions is an indication 

In treating fractures the function of the implant extends for replacing the steel implants with their titanium 

only so long as is required for the affected bone to equivalents. 

acquire enough strength to resist the corresponding In children implant removal is advocated not primar- 

FutlCtioitftl loads. Thereafter, in the case of nonresorb- ily for growth disturbance but rather lor their possible 

able materials, the options exist of removing the translation by drift phenomena. As long as major 

impl.mts oi leaving them without function. No general growth nuisi take place, there is a chance thai these 

recommendations can be given for implant removal, and growth mechanisms can lead to an intracranial dis- 

the pro's and con's must be balanced in each individual placement of the implants. Plate removal remains an 

case. issue in pediatrics in view of the long life expectancy of 

An argument against removal is that this would mean very young patients, and the lack of knowledge about 

an additional surgical intervention, with additional the very long term outcome. 

costs, a risk ol damaging important structures (e.g., The major function ol an implant during the healing 

iu r vis) during the procedure, an additional, but minor, process is the mechanical protect ion of the fracture site. 

risk of infection, and the hazards of anesthesia. These A frequently mentioned indication for implant removal 
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is their adverse sth • 1 lion el 'led. Experience with bone or implant to bone. The effect Ol compression is 

heavily loaded long bones of the lower extremity shows twofold: it produces preload in the fracture plane, and it 

Nat this aspect is of only minor concern unless extreme acts by increasing interfragmentary liu tion. Thus the 

mounts of hardware are used. It cannot be denied that fracture remains immobilized as long as the axial pre- 

a fractured bone treated by implants placed directly on load is higher than the tensile loads produced by Tunc 

the bone surface undergoes a remodeling in the vicinity tion r and as long as the interfragmentary friction pre- 

of the implants, and that a first step in this remodeling vents displacement by shear forces. In bone the com 

process consists of temporary porosis. This process pression may be maintained over a period ol several 

likes place during the first lew postoperative months, weeks to several months, usually long enough to allow 

and it is located in the /.one where blood supply to the Foi a bony connection between the fragment end 
bone was disturbed. A remodeling of bone underneath Compression is no absolute precondition for undis- 

ihe plates and around l he screws soon leads tO aaadap- turbed healing, but in specific applications ii means 

lalion of the bone structure In the new landing enndi- more safety and includes a biological and mechanical 

dons, This porosis is completely absent when intracorti- advantage. Biologically compression means undis 

illation is preserved by using circulat ion-friendly turbed healing because it guarantees absolute stability 

implants and implantation techniques. even under the condition of' function. Mechanically it 

allows load sharing between bone and implant. Under 

these conditions the implants for the osteosynthesis can 

1.5.4 Principles of Stabilization be smaller than in load-bearing osteosynthesis where 

larger and thicker plates are necessary. Compression 

1.5.4.1 Splinting provides a maximum strength with a minimum ol" fixa- 

tion material. In the facial skeleton compression lor frac- 

Splinting consists ol connecting a more or less stiff ture fixation is applicable only in noncomminuted, sun 

device to the fractured bone. This device reduces the pie fractures ol the mandible; occasionally il may be use- 

mohiiiiv <.i the fracture in proportion to the stiffness of ful at other locations. 

the splint-bone composite but does not aim at com- When resorption at the fragment end has taken place 

pletely abolishing fracture mobility. (late surgery, infection) compression cannot be used, 

External splinting seeks to reduce the fracture frag- In the maxillary area, because of the thin bones.com- 

ts withoul surgical intervention. Such external pression can rarely be applied. On ihe other hand, 

splints may be fixed lo the teeth or applied to mucosal or because o( the different type of functional load t static) 

skin covered surfaces. Under these conditions there is there is almost no need fol compression in the midface 

always a soft intermediate structure, either periodon- area. 

tiumorsoft tissues, and forces are not directly transmit- In some areas, such as the zygomalico- front .a I suture, 

ted from the splint to the bone. As a consequence a cer- the root of Ihe zygomatic arch, and sagittal fractures ol 

tain mobility at the fracture site remains. Under most the palate, compression with lag screws may guarantee 

arc um stances this mobility does nol interfere wifh the the repositioned position ol ihe frai tore with small and 

healing process, but it cannot be guaranteed that the lew implants only. Compression osteosynthesis can be 

initial alignment of the fragments will be maintained to performed either with compression plates or with lag 

its lull extent until the bone has united. screws. 

In internal splinting the stabilizing devices are fixed 

directly to the fracture fragments, with the bone- Compression with a Plate. I he special geometry ol the 

implant complex still allowing for some interlragmen- plate hole (Fig. t.6a-c) together with eccentric place 

tary motion. Internal splints usually lead to more reduc- men! of the screw (Fig. l.frd) allows interfragmentary 

lion in interfragmentary motion than external splints, compression in an axial direction when Ihe screw is 

Wire sutures or flexible plates are among the devices driven fully into the screw hole (Fig. 1.6e,l ). The strew 

that are considered to act as internal splints. External hole is a section of an inclined and horizontal < .ylindei 

fixators, having internal and external components, that permits the downward and horizontal movement of 

belong to the same category ot fixation devices in terms a sphere, the screwhead (Fig. 1.6c), As soon as the screw 

of their functional effect. head arrives al Ihe outer rim of the plate hole, il meets 

the intersection ol the inclined and horizontal cylinder. 
The .screw head then makes the spherical contact in the 

1.5.4.2 Compression plate hole and glides horizontally towards the opposite 

(inner aspect) of the plate hole. Since the screws also 

The use of compression is an elegant method to exclude engage the bone, they move the bone inwards towards 

interfragmentary motion. Compression fixation con- the fracture line. Only one screw on each sid« *ol Eht Irac- 

sists in pressing together two surfaces, either bone to tore line should be placed eccentrically (Fig, l.7a • I. 
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F1g,1.6«-f 

l The ■screw head movts in ihc • am I ■.ii.jj.ied pJate link life} ,i 

bull in an tingled cytindei 
b I'h. •;.. ... ....' !i.i|.- In ,i ,!,.lioii Injin u| .in ftiSflrHKl .ind u hoi'l- 

/oni.il • yliiidfi, 
c iVIoveiueill cd'lhr>crew hc.idwith tts spherical uuder.su H 

in tbi I "•■ hale of'the plate, 

d 'I In: eccGjfiMadiy placed saw m i tees at ihe i bn oUhi: plate- 

hole. 
e As die screw is driven ln.lt -kin. wilhin llie jiljitrhuk! to ii 

i mid jn>siUcin (I), 




b 




ffg,l,7a~c 

GBOipressian wiih -i pi.i>< 

a Che I wo mm iimv.i ; iAiWS should bfl pljrod ecce.nmodly ► 
within lln iv h,...v 

b Al lln. ■•: • pewts'am driven in. they approximate Ihe fnig- 

nli'H 

C WJLltlmill LighJuniiip ol thfi !l( P8MHS vnni|-.i.jssjun is ncft >■ v. I 




i, r , ' Operative Redtulion mid Internal Fixation 
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II the Jraclure ivas preloaded before the first ivvo 
screws were placed, t i^hicnim' ol I he screw* causes stria] 
Compression, Tht 1 other holes of a plate should ihen he 
I muled nil It screws in a centric {neutral I position- Li 
should always be kept h» mind that a plate nets eecentri- 

callys and complete closure ol a Ira, laic results only 
immediately underneath the plate while on the opposite 
Side a gap ituiy result. i>vercoming this tendency may 
require a plate or splint to In' itflfld as a tension batul, 
or slight overbending of the j « 1 . 1 1 •. ■ . as indicated In 
I ii' I.Wa-c.orccitnbiningttK'pliite with an additional Jag 
ICTCW ai loss t Ik- fraCtUW pflin', 

Compression with a Lag Screw. Any screw from the imis- 
ill Luiiil pel cm Iv usi.'d as a lag screw. In tma$\ 
msiaih tt%A or 2.0 S< tvwsare used us lag m l a-. 1 lhc lag 
screw tech u ii| ii i' k used either For I rue lure fixation or lor 
the fixation of hone graft*. Ideally a lag g< rew should 
i"-. the liiclure plane at a perpend icul a i ftiigle. Use of 
the lay --ci i-i.v lechfliqwe in the mandible is ideal after u 
sagittal '.|il rfceoiomy, ill obliqite l'r.k|iin.'h ol" the body 



Flg.l.Sa-t 

It o i ■ i. 1 1 ■ ii i hi id. I fc y ..verbeiU (aj.lhe inner screw* should be 
placed tirst <bi, tf th«? outer screwii lire placed firm, the faicttire 
in i he cortex near ro ihe plate may be opened because I lien the 
plate may lie too king In relation to the isajies&jjaiiued between 
the unlet screw liule.s. B[6|>*n4itt($ on the Mreiiudi needed, the 
addition ill .screw* are placed mono- or bicortically 



ol the mandible (Fig. \.9a't, in chin fractures (see also 
Pig, ivh^bKand in mop- i duplicated applications SUi It 
as the mandibular angle (.see nig. .3.20 a). 

Since all screws oi the maxilln- facial set arc fully 
threaded, a so-called "gliding hole" must be drilled into 
Alt first (near) tor I ex and a threaded hole Into lite ■- 
ond (far) cortex The first hole is overdrllled so that the 
hole in the cortex has at least the size, ot the outer diam- 
eter of the screw thread. A special drill guide ft plflji i 'I 
into Lhe first hole Lo locate the second bole centrally in 
the lar cortex Thetealicr lhe hole in I he far cortex is 
drilled to the diameter of lhe pilot hole, ha size is uVler- 
mtned by lhe sj.ze of the core ol lhe sl rew, || used wil h 
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fig, 1.9 a, b 

Oblique IriKtnrew.m be fixe*] V»* cJiiumtly with Jag b II' no gliding hoi* rs placcd.andboih holes a* thtodeddh* 
Kww*. A gfidlfig hule frame *&e a* Ihc dUmetei uJ the fiaclure tun be neilJler dtttfl nor he lurm.ressed, 

HiruntDmasI bearflled into theetmei cortex-fa Hi read hole 

I in I, 1:1 |!u Mr COrteXi As, ihe .screw is tightened (\oWttt 

■■■•■ i , wi the Era* i one is desfed find com pre.-. , -, i 




Fig 1.10a,b 

i , impression with u lag SCrtfW and plate; 

a II' a kiji m\iw 111 combination Willi a DC plalc i& tlSed for fix 
ation, the lid^ strew should be placed lirsl. I 'hereafter die 
remaining screws must be placed jn u m-uli'id position, 



b If ii.., lag sc iv,v i... u.-sed above -in oblique rwdure line, the 
plule rniisl be fixed lirsl in the liugmenl wliidi Jorms an 
obtuse wtgle With Ihc fracture; Ihen as the .screw in die bppo 
site Fragment Is activated {Ylgki) lln- spike ill the DFppodti 
fragment ii driven igamst the plj 
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oul .1 ptate, a countersink tor (he screw head is < ul into 

the bone before placemen! of the screw. Self-culling 1.6 Design and Function of Implants and Instruments 
jcrews can then be placed immediately; i * » 1 non-self- 

cutting screws a thread corresponding exactly to the AO/A8IF implants and instruments arc highly Standard 

thread •'! the screw is 1 til into the far cortex with a tap. ized and meet with special technical specific ations ol 

ot sell cutting s» rews as lay screws may he haz- material and dimension. Their continuous evaluation by 

ardous, however, since the holding capacity of their tip the Technical Commission guarantees .1 high standard 

isdmiimshcd due to the flutes, of quality and lechni« a] • lopnient and especially the 

lithe gliding hole is in one fragment and Ihe threaded maintenance of tolerances within the system. Combin 

hole in the other as the screw is tightened, the fragments mg instruments and implants from different uianufac- 

are squeezed together. and interfragmenlal compression turers may lead to complications such .is broken drills 

is generated (Pig. L.9a). The type <>l compression gener and taps, broken screws, and damaged implants. 
lied by a Lag screw is referred to as static inierfragmen- Although a clinical study conducted by Ruedi { 1975) 

tal compression. It is static because ii does not change showed no negative clinical effect, mixing of implants 

significantly with load. A lag screw is the most efficient and screws made ol different materials (titanium and 

way of achieving interfragmenlal compression and steel) should be avoided. A mixed metal system 

therefore stability.bul it does not provide a great deal of increases the risks inherent in product liability, a major 

strength. Therefore rarely only a single lag screw is concern of clinical complications, 
applied. At least ihree lag screws are generally placed in Systems of different dimensions designated by num- 

fractures of the mandible or sagittal split osteotomies, or bers are used at various areas oi the facial skull. The 

a lag screw is used in combination with a plate. When- smallest system is the 1.0 system. The designal ion of the 

ever a lag screw is used through a plate hole in ihc case system indicates the screw size (diameter of the thread). 
oJ a dynamic compression (DC) plate (Fig. l.lOa),all the 
r screws must be placed in a neutral position, or the 

fragments may shift. , 

To achieve maximal interfragmentary compression 1.6.1 Screws 
ilu lag screw must he inserted into the middle of the 

Irdgment equidistant from the fracture edges and 1.6.1.1 Function of Screws 
directed at a right angle to the fracture line. It the screw 

is not inserted perpendicularly to the fracture plane, a Screws ON the basic element for the fixation of plates 01 

shearing force is introduced as it is tightened, and the similar devices onto bone or as lag screws to hold I 

fragments may dislocate, Similarly, insertion of a screw ments logelher. The correct selection and placement ol 

at an acute angle to the fracture plane introduces a screws are the key to successful .stabilization of fractures 

shearing moment as it is tightened, and the fragment or osteotomies. The hest plate is useless "I it is mil fixed 

unci to displace. Thesi fundamental errors in screw correctly with screws. Screws are designated according 

rtion are often responsible for a loss in reduction, to the outer diameter of their thread (Fig. Lit)' 
With loss in reduction, decreased structural continuity 
and stability are inevitable. If the oblique plane is too 

short or ihe opposite cortex has been damaged so that a 1.6.1.2 Types of Screws 
lag screw cannoi be applied, the plate must be fixed first 

to the fragment which forms an obtuse angle with the In craiuo-maxillolacial surgery all screws are fully 

fracture (l ; ig. L 10b). threaded and have an asymmetrical buttress thread pro 

file (Fig. 1.11) I his type ol a thread Is a cortical thread, 
t )nly the 1.0 standard and the 1.2 emergency screws have 
a metric thread due to their size. 

Screws used in iianio-maxillo -lacial surgery are 
between 1.0 and 2.7 mm in size. Only for ihe special 
reconstruction plates (UniLOCK and titanium hollow 
reconstruction plate, THORP) special screws are used. 
For each screw there is an emergency screw which is 
slightly larger in size and must be used in case the regu- 
lar screw strips. 

All screw heads to date have a cruciform recess excepl 
the 2.7 screw and its emergency screw, 3.2 mm, which 
have a hexagonal recess (Fig. 1.11), Another exception is 
Ihe 4,0 mm THORP screw head which due to its locking 
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Screw 



Drive 



Head diain&tei 



Hi read pitch 



Tn read diameter 



Cof-edia meter 





Cruciform recess 




Hexagonal socio I 



Screw tip 




In st- 1 





Non fluted 
(thread forming! 



Fluted 
(ihread cutting) 



Fig. 1.11; 

Cr8.hio-raa3cllto-f»dal ■■■■ <■'.:■■ ai* I ally threaded, Kxcent for 1,0 
and 1.2 emergency screws, I hey have an asymmetrical buttress 
thread profile. Screw tips are either hlunt or fluted. Nonfluted 
.mi w:. are tl. t u.jU. faifarirtg arid have it higher torque whereas 
Rilled strews art thread cutting and therefore Sell- lapping. 

hmei: In ihin hone one must ensure that a1 least two threads 
engage within the hone, Screws .should have a small pilch in 
these instann s 



device, which uses an additional locking screw, has Q 
special recess. In die future a star drive may gain increas 
Ing Importance. 

Screws are also differentiated by the manner in which 
they arc inserted in the bone (pretaprx'd or seJf- tap- 
ping), ihcir function, and their size, according lo the 
thickness Of bOne for which they are intended. 

While pretapped or nun- self-tapping screws luu 
blunt tips, most self-tapping screws- have two or three 



flutes ai [he tip to facilitate penetrating the pilot hole and 
cutting their thread simultaneously (Pig, 1,11), While 
tiuted screws are thread cutting, nonfluted screws are 
thread forming. In thick and solid hone it is- advisable to 
place a thread with a tap before inserting the screw 
hecau.se otherwise ihe torque during Inset! ion may 
become too highland the screw may break. On the ot bet 
hand, 2.7 screws and the 4.0 screw lor I he THORF.system 
are hloiil screws lhat require a pfletapped hole. All the 
other sciivv. irniii | u u> 3.0 can be used in a self-tapping 
manner, and most have flutes. 

Another major difference between screws is .the man- 
ner in win* li 1 1 iey couple with ihe screwdriver. Two types 
of screwdrivers are available, (hose with a screw-holding 
device (holding sleeve) and those which are self-retain- 
ing. These screws couple securely with (lie screwdriver, 
which completely obviates any screw-holding device on 
(he screwdriver (see 1%. I , |8n-Q, 






Craniofacial Screws 
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Screw 



Thread 

(0 in mini 



fcmt&m**:* 



Standard screw 
i geocy screw 



1,0 



Standard screw 
ErfWl||«ftcy screw 
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Standard screw 
Emergency screw 
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Emertii ney screw 
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Core 
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1.-1 
1.7 



Pitch 

(0 In mm) 



0.25 
0,25 
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0.5 



ill, 

1.0 



Head 

(0 in mm) 



1.6 
1.6 



2. A 



3.0 



v, 



3.5 
3.5 



Drive 
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1.6,1,3 List of Screws 

Craniofacial Screws 1.0-2.0 (l : iy, t,l2)/fhe w.eof.sovws 
generally used in the cranial und midl'acial areas Is 
between LB and 2.0 mm. From January 1998 on all these 
51 rews will have ttuted lips. The pitch in small screws is 
smaller than in larger screws. All screw heads have a cm 
i nm recess 



Fig. 1.12 

Lis I of cranio- racial setups. 
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Miindihle Screws 
Screw 




Standard screw 
- ; ' ■■ v icrew 




Standard screw 
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>;? 




Thread 
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2.4 



Standard scww 
Emergency scr c-w 



24 
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Core 
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Pitch 
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UniLOCKscri>w2.4 
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UniLOCK-scavto 3.0 


3.0 


2.4 


1.0 


4,0 


Emengeney Mtfew 


Not existing 
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■i.ri 
S.O 
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THORP www 

Em.-; :• i :w 



4.0 



3.0 



Not exiting 



1-25 



4.5 



Mandible Screws 2.0-4.0 iji^, 1,13). Si rov sixes foi (he 

mandible vary betwiien A" and 4.0 mm. The |>ikli \\\ rlu- 
2,0 screw tut ihe mandible is 1.0 mm, in cnnira.si to the 
Q h iv,v lor nudfjceappliL ui inn wtlh U pitch id 0.6 mm. 
The 2.0 mid 2,4 screws have a £i uci Tor in dr rVe, while lliu' 
2.7 straw has a lit'!.:.ii;nii,il drive, and the THORP screw 
hats a spedd confiiuralCon Tor jit* application of l he 
loekinp screw. 



Fig. 1.13 

List «H"in.ij.is Jili le -i. k-ws. 
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1.6.1.4 Technique of Screw Insertion 

1 . :> 11 - : •■ 1 .1 1 M I ptjCf ks£ placement ot the screw is one tit the 
most important stags In plate fixation -and, as a consc 
queace J rac lure and ototomy luannn, l! must be well 
understood thill I he si ability ol' the fixauon depends on 
the nguhly ol tlir plate bul, most importantly, on the 
holding, cripiiA. tty of the screws. Incurred handling. of the 

1 whole in the bmu' lmIIkm when drilling or St I In- time 
i'l 1 he placemen I ol I he screw may cause failure due m 
1 11 |y media nit nl mvrloud ol the system. 

It lS-very important to use the various instrument;-, (fa] 
placement of the gc«!W5 111 the correct sequence. The 
of re'd drill bit should correspond to thi-- 1 ore diameter 
1 •I'lln-M WW. Cpolitlg ol I he drill during, drilling is very 
Important lo preyfetal overheating the bone, The length 



Flg.1.14a-d 

If. hniqut'dl :-.crcvv uiHfilion, 

a l»ri|hrij.i»il I he pilot hold With a ill III rui res|-tinil in- to hi 
1 nrr iii.imi-'tei'oi the straw, 

b The length ol the hull' 111 I he lump is measured with n depth 
gugye t'idier thnmyh the Biota hnlr orftfitcr i.uuiiltTsinknii}- 
vi ites Measure bftort-' titppiTiy. if lapping i:- 1 1 CCc ssjry. 

t liippiny I h rough a Imsul' pmiiclor- 

d I'liicenu'nl iff flu- v. fSVI thi •■• .1 1'li-i. 



of flu- si rew hole depends on whether self tapping or 
pre tapped .'.irf.v, an h.-.lhI .'I bread tapping .with ihe lap 
is I ol lowed by placement ot the .screw (Fig, 1.14)- 

vM -lapping screws with flutes al their lips are 
deigned in .» way ihut once a pilot holeisdrilhd.and ibe 
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length ol I In: strew is measured, they can he Inserted by 
stmply shewing iIhtii in, Tint pilot hole is somewhat 
larger than the core of the screw, Because the 8CWW must 
. hi its own thread when it Is inserted, il may emxuuilcr 
i Musidfjable u",i'.(,nKf, particularly in thick cortical 

irte. In these instances, even if h self-cutting screw is 
nsed.ii is better to use a tap before I he lorcpie resistance 
becomes greatci than the strength erf the screw, which 
then causes a fracture of the screw. In addition, resis- 
tait. c tu .screw insertion may interfere with theaccut.u.y 
Of insertion, particularly whin i Ik- surgeon is Irving to 
insert the screw obliquely into hone 10 lag fragments 
ii'>;i:-th.er. It may be problematic to go in and 01 11 with 
.•ieli'-i ;i 1 '| 'iiiv, .m n",v.<, m'vituI limes. At reinsertion it may 
happen that a second thread ist ui ft ( idmlally on top of 
the iirsl thread hi the bone. This new path which 
destroys I ho earlier cut thread is disadvantageous and 
may considerably lower ihe holding capacity ol' ihe 
screw or lead to stripping ol the screw. 

The Holes in the lip areas of the screw reduce, I he 
holding 1 . 1 [ ■ . 1 ■: ity of the screw in this area. This is espe- 
cially disadvantageous when the screw is used in u lag 
manner Lai 1 , £< rew'S .should either be blunt or their lip 
2 mm longer than the depth g.mge indicated 

Si tidies show thai in extremely thm enr ileal I huh-, 
sucli as midfacial bones, self- tapping screws hold better 
than non -sell'- tapping screw* ol corresponding si?.e. 
Non -self -lapping screws are clearly superior in cancel 
lOttfl Lone m\A in Ha! hones such as those of the man- 
dible, skeleton, and pelvis. 

Norn sell dapping screws wllb a blunt lip require pre 
drilled pilot holes and then a careful en I ling ol their 
thread into the hone with a lap dial corresponds exactly 
to the profile of the screw I bread. Because the thread is 
cut will) a tap, the size ol~ the pilut hole corresponds 
almost to that of the ton- of the screw, and the screw 
Ihread has a much deeper bite into the adjacent bone- 
Much less heat is generated when the screw »,s inset led 
because I here is less resistance, The lap is designed In 
such a way that it is not only nuu 1 1 -.harper lhan the 
ihread of the screw, bulk also h a s a in 1 1 re e ffi c i ci 1 1 m ech - 
anisrn of clearing the bone debris which therefm t does 
not accumulate ami clog its threads 10 obstrucl its inser- 
Lion.This allows ihe surgeon r* • work with much greater 
I'M •. I'.inn, particularly in diick cortical bone. The ft n ■••. ■■-■ 
can easily be removed and reinserted without the fear of 
inadvertantly curling a new channel as the screw alone 
is nol able to cut a channel In cortical borie.The screws 
;ire spun, and therefore ihcir core is perfectly straight 
and their surface is pol ished, Tims at I he time ol removal 
fully threaded screws are easily le moved, Depending on 
Ihe pitch ol Ihe screw, in very thin bone only few threads 
can gain a hold in the bone isee inset in Fig. 1.1 1 ). It is 
Ihcrelore irnportanl that thesx- delicate ihin bones are 
nol |iarlially destroyed when inserting screws. 



1 .6.1 .5 Instruments for Screw Insertion 

The instruments foj sciew insertion include drill bits 
(figs. 1.15, Lift), dull sleeves (Fig, U7u.h), depth 
gauges (Fig, Fl7d), laps (whenever m-i ( ■ ssai v. 
Fig, I.l7e.,t) l ,nid suewdnvvr>. (Fig. I , I r u. i.I.IH), 

Drill Bits ( lug, 1 . 1 5 1, v'ar mus d rill bits are ava ilable tor the 
different types of screws in diffoieni Jenrjli^.. with and 
without stnp, arid will* various couplings (correspond- 
ing to different power tools). Prill bils correspond lo die 
core diameter of each screw for which they should be 
Used 10 place Ihe pilot hole. I bey have either I wo or thfSC 



Drill bit 



uj.jpllng 




a Coupling 



01 

c 
I 

Ol 

c 



,< 



Quick Louplinq 



Mini quick coupling 



5tryK,erfJ-|.atch) coupling 



Universal coupling. 



b Drill bit point 



I 



Drill dra meter 

Gulling d»i H 1 



II 



w Ith stop with out stop 

Hg I 15a,b 

Drill hil consisting mil of s[i n .-. th coopllltg, th 1 mi?, length, 
and drill diiimelrr, vvhii L i . .1 1 ■:.■:. podd.*: I<i llic ctirr u\ the SCtfeW 

nil cuts llit" 1 pilot b i>l e 
a I'lv? various cmipl inj^;. Epj die drill int.-,. 
b Tk I !(:■:: 1 il Ihe drills may be either with or WlfllGl -.tops. 
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Optional 
Standard 
Standard 



FJg.t.lfi 

UiXOl sca'ivsividi mr responding drill bltaftlt either dncad 
I ■ ■ nr gliding linlc-s, ftipfl are eldiei not tK:i.essary, optional, 
or iddlmioiJ w fat .'.. "■' Qf l,ll mtcw. 



I.'lI 



Antes; They should he used with drill guides of cqrni- 
aptjniing r.i/r 

I ,ire must he taken not to il.tnuge drill hi Is hy am- 
ii' I with metal or Lo use unnecessary heading forces 
during drilling. Irrigation is mandatory during drilling 
lo prevent heal damage to the hone. 

Drill Sleeves (l ; ig. U/,i), Drill sleeves are available lit 
shori and long dfmetWMJna for the various drill bits. 
Hi ere are special drill guides ( Pig, 1 . 17 h, l> inr -wiTitric or 
eccentric placement Df the screw hole for phttC£ wilh l"H 
holes. 

DrilJ guides for Iransbu, ca| tlMgfi are shown wilh the 
irunslMiecat in.stru mentation (see Pig. 1.33). 

Depth Gauges (Fig. l.I7d).The purpose is the placemen I 
oi correcl .screw length which guarantees good screw 
hold in opposite cortex. The strew up should exil 
slightly the cortex to guarantee optimal holding CttjHK - 
ity. The gradation of screws and depth gauges is gener 
ally every 1 inin, [f tin* measurement indicates place 
ment between the calibration points, die longer screw 
should he chosen, 

Depth Tneasureirn-rii is nol necessary when using a 
drill with stop, Depth must be measured be In re tapping 
when us in g pre tapped screws. 

Taps (Hg. 1 .17f,J'). Although most ol I he screws are sell 
i.i | '| 'mi 1 , .u ill have llulcd lips, laps are .iviiil.ible for all ot 
thtm (excepl l.o and I , t screws}. When screws are used 
in hard cancellous hone with a loii.sider.ilile ihkkinw, 
(4— Stnm),il is recommended to use a lap in order nol tn 
break the screw. 



■n (;h.u'TIh i SJiMilliiiiiiul It-clmiciil l?m:k ground 



Instruments for Screw Insertion 






- .- : .1. '' 



Fig.l.17a-I 

Drill sJeirvcs h.ir piscine j»lnc*mfttl ctl ■•• i L j w twit's- ami fi>r 
|!m|, ,. nun nf soil lis-.i...". I "■■ »nbJtr sltvvr. for \ . .rJcui.-. . screw 
eke* oflSrt tll« . i| •) 'Ht|'r iiilL- diirntlui'. (jsrlill hale nml gliding 
hob) li>r ihi- Jrill bit*, 

lUmhk drill guide! Mr aytfrii pi eewittrij pfli em «il 

scwVf Koto U'i ptiite* with ilyjiurnk ccropreM'lfln hote*, 

llCL't'tili'k jilatcrnt-nl nil ihe Ill -l lv,n |<3"CWSi 

Depth gang* 1 m ensures r.he length at' liu- hok in iJif ton* i 1 1 

allows con • ''''i- -■' I i tfoe&crew '• ■ 1 1 ; ■ 1 1 1 . 

r,t | • fl)l 2.4 ■•i.rcw with quick eWlpHflg, 

Tap I in J. <J screw with mtm-f|ufcic coupling, 
. Iliindk' wiili mini t, m I oupUog 
h Sflurt hiinilltf wi<h quick ■_ oitplh ■>■, 
1 I ,i.»n i. 1 , h a ncl I f w j | )t <.| u jck C< itlpi my. 



^Qt^ — 



e ■ ■wi'«iwmii>im m:i » i l v.v t nn- . m auii: 



:: 



CZT 






.,.. 'J .L L .l'-. HM f,-.:.. 



ae 




f , 
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Inttiunients fol StNWI Insertion 



« - 



■ ' l - u - — 1 -3 , 





Thelhreml Jim lie Iff nurkal on 1 1 iu nip u»r responds- 
to the sere*! xm\ Hips lor is ami 2.0 screws are uwd 

wiih handle will Jinniick CtfupUjig wh«i*qs inr £4,, 

.'II..I ■Ui .screws 1 1 1 . - . njuleh wiili ih<>.s<: with qLi u I-. 
i i opiiugfc 

Screwdrivers {M$. 1.18). Saswdritarg Willi holdiu:', 
skew* .ui' i with .scK-i-t-iaimist; lips are «vailabJ». l-'or 
trausbucGa] spoil* atfon ihev.m- uscil wiihoui .a lidding 
«: (*«hg Pig, 1.3-1 U- Ssn'wdrivftv U>r I.U-J.O sctewg 
are pcriJVidtfd '.sith miiii-ijuh-k qoupfings; for J.-l ami ? 
KTCWS t'k'V hfflffi quick LOtiplllili,s. 



Fig, Ufla-p 
a Si .v iv J river vvnli n,i,i, m :i |, ,,.;, ,|,| IIIL . ,,| 

mini Ljmi-k coTiplittg, 

b SlIl'.v.Ii ivri Willi l rue i fur ir 1 1 ; • i ■ . i 2,4 SCO '.v . ... il I] I ,..,|. 

.sk'c.'v.- nil. I <|ujj., coupltnc 
t >nv,v .ill ii .-inifnl In lip..! •ii'icw..hiv<'i wilh hi .1 I .i ; - . ■. 

d Stwwdrivui wiihsdf • holding I ipitiu.-il'nrni and mim quid 
* t ic. tj 'I r m y.. 

e Str.jwJtiwr wiili :.<.!. reJ i nfng fip i md ^u?; I ip Ii 

fa St-^v. n I h. ii]i.,i| mitw.Iiivim Via H-U'-lvtMni]' lip. 
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Craniofacial Plates 




b OO OOOOOOOOOOO ODD OOOO 
Adaption plate 1.0/1 .3/1.5/2.0 






L-Plate left L-Plate right 

1.0/13/1.5/2.0 



X 




Y-Plate 1.0/1.3/1.5/2.0 



nn 



X-Plate Double Y-Plate Box or Frame Plate 1.3 

1.0/1.3/1.5/2.0 1.0/1.3 





T- Plate 1.0/1.3 



H-Plate 1.0/1.3/2.0 




Orbital Rim Plate 1.0/1 .3/1.5 



1.6.2 Plates 

1.6.2.1 Craniofacial Plates (Figs. 1.19, 1.20) 

The shape of plates for midfacial and cranial applica- 
tions corresponds generally to adaption plates. They 
have the form of X» Y, double-Y, H, T, L (left- and right- 
curved for orbital rim), and straight plates. Their thick- 
ness varies in between 0.5 mm (for the 1.0 system) and 
0.9 mm (for the 2.0 syslem). 

For special indications orbital floor plates, burr hole 
covers or screen as a cover for cranial or other bone 
defects are available. 

Another special plate for the 2.0 system is the DC 
plate which can be used at the lateral orbital rim area 
and occasionally for pediatric mandibular fractures, as 
a tension band plate for mandibular fractures, and for 
fixing subcondylar fractures. 



Fig. 1.19 a, b 

Magnified view of round plate holes for cranio-facial plates. 
Cranio-facial plates are designed for the various screw sizes 
in between 1.0 and 2.0. These are used mainly for the mid- 
face and cranial areas. Their thickness varies in between 
0.5 and 0.9 mm. 
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Craniofacial PlaU-v 





Orbitjl floor platn ui^iv. 



OrbltaJ w.ill pl-ate right 
(,0/1-M 



■-— r — * — t — r 




Orbital w*ll i ( ai 
I.Q/1J/1.S 



Buir lirtlecovrr 





Screen 1,0. 



i y.iMin,-ii . dcp uo 




ffc.1J© 

,.il ;il,ii. .mhhl, mis (orhl.il tliKir ['lull's, hnrr hot.' i QW 

I 1,1 .. I ii plq 
inset: fcpplkationol burrboh coven fai fintkm <kf craoinl 
Nvi. ^euiocmeMH lY-idm 
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Craniofacial Plates 




b OOOOO O O O O O O O O O O O O o 

Adaption plate 1. 0/1.3/1 5/2*0 




Q 





L Plate left L-Plate right 

1.0/13/1,5/2.0 



Y-Ptatel.0/V.3/l.S. ' 



X 





n 



X -Plate Do uble Y-Plate Box. or Fra me Plate 1 . 3 

1.0/1.3/1.5/2.0 1 0/1.3 





I i irjie 1.0/1.3 



H Plate 10/1.3/2.0 




Orbital Rim Plate I 0/ 1,3/1 ,5 



1.6.2 Plates 



1.6.2.1 Craniofacial Plates (Pigs. Ll'jj, 1. 20) 

The sftapi of plate.s for midfadal and cranial applica- 
tions corresponds generally to adaption plates. They 
have the form of X, Y, double -Y, H, T, L (left- and rigbl- 
ciirved lor orlnl.il t iinj, and .straight plates. Their thick 
in "-,■- varies, in between 0.5 mm (for the 1,0 system) and 
O.f mm { fur the 2.0 system). 

For special indications orbital Hour plates, burr dole 
covers or screen as a covet for cranial or other bone 
defects are available. 

Another special plate for the 2.0 system is the DC 
plate w hie 1 1 am be used at the lares a I orbital rim area 
and occasionally for pediatric mandibular fractures, as 
a tension bund plate lor mandibular Irauures, and far 
fixing sub condylar fractures. 



Fig, 1. 19a, b 

Magnified view o I round p I ul e llUleS lux cruiiu-- faelftl plaie'8. 
i ,rnn ici-lacnil plate* jrt' designed tor the various .screw JIM 
in between 1,0 iiruK' ''' ThejsS'wi used nnrfnty fin* thi mitl- 
tJLe mid cranial k*eae, Their thickness varies in between 
ll3anduVf>rnui. 



Orthognathic Plate tor Sagittal Split Osteotomy 
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Fig, 1.23 a, b 

\ "' special o th«^afithic |ilnic {Sj.liiin. I'bui m' Ail.iniif.ibl.? a iViliniiii.'i jj Ii^iImm Ik ■lua.'iitlvjnccnipni nf m.m.lihlr, 

ii 11 Pkl i' litotes tumpoury and per mam-iii lu.i b Situation ui let aiivatn:cmcnr Ivr n its fixation tan now be 
•i' n ol the banc Mt-yrrani/i offer n nsgUtdl sptfi cHrteotumyi H rfapmui, wiili twi wJctfrinnaJ •.tnrv.s In Ibi? Jir.ul trug- 

*[]«*'* j|ilj-aii|.vr;ii '■■•,.■ . m ciruon uf flu? joint bearing Iriignii'nl iiil-iiL 

wkltinti I'ertu.vjl in I he pinto, I 'he place Is used psjtecfelly far 

ii-.aiKlihuLii adi a i ,ii v in |ii.i ..■ ■. 1 1 1 ■ • 



Universal Fracture Plates. 2.4 






b 








Uttivei frin i .ii r | •! rtcM foi -i si rcwR»''liieti dtojjfn is Mimlui- 
10 reconstruction frfoHal, but th*y jr*: iw.ikei, They shuukl b* 
used only In loari-AJmrinfj sftuattms. TJijay nm*1 m paatreted 

bj I mi-. I !i, ', , .,n ftlKo h, ..,,,,•.. I h, || i: |m,ii. ;u ii h! in, I'm .1 i i 

lorgn,!!.-.. li.iii- flu. a& ' n mm. 
a 5tmi[(jh] untwra ill fra i plain •,. 

b I'rrlii-tiTimjiitliih 'I iiiiim.. ,,il h.H luir |i..it.- h>i Ii,- . II -ink-, 
I I in.-.' sen m profile dl .u (crew with L'nJVfei&i] Efocttir* 
Pkitf, 



< _M ^^r"" 


'ii z.3 

■ in mm 


1 






1 ? Cll .'•• i ■ i" i H i S<: i mi 1 1 H t iind Tbeh m cnl Buckgrou ud 



Reconstruction Plates 2.4 



a 






e 








|i. m.;,. tion plated 2.4 aw mocfc Mronger lh.ui universal 

Ijuctiiff pfttten I'Salc thickness 23 mm, These art! lifted far 1 urn - 
ponliy Icflfd luwinj? WtUallfittS 

Motes Plates euimol be us.. &h [Wtmajtwrt letfd- beam jy 

impliillta, 

II supplied witli Lhreadud holes, they can be u*ed eltheq ta 
tin- i-l--lJ.ii iihiiun'f willi the regular l.\ SOTW nr u« a locking 
■j. m, ir, rogelhe.* with the special Indfcittg 2 i!" 1 " ?' wws. 
a Ovid 'iii.i pei -I plate holes with thread. 
b Straight pbl? 
t Hreuenl .mpulmed rL*con-.li nclion plaie lor llie ugli' GU lefl 

,-k i I.. 1 1 i jid« shown), 

d ,l.n Ml' cortkftl SGTfiW tor foEOtlitfUCtiorj plate*. 
«? Wiui.nCK tcrew with .iddiiiwul thread foi pkl hole arid 
£hl*8ded rnst-l fol pi me hok pnikviiuii during bending. 

f pii 1 .. ..••;.. n-w profile of reetmsttTictlon pldie tfftha'ui th-fe&d 

und regaJat M bcrw? 
g Phiie/i ■-: -w pro-file oJ UniLOCK sysffism, Ke^Misnm inm 

pljlevvilli i lii r.i.l.. .1 hole '■ ■■["■■ in 1 '• ' Km I- in.', ml-iv, 













m ^ 








.". 








mm 






H 
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Reconstruct ion Plates 2.7 




df 



00 




D 






Re 'in IQ ii; in ..-. |.|,i!::.s for 2,7 5ircws are iltpbtly stronger than 

• 1 1. ■•■in. ii 111 'inn pintles, 1'ktec.luckne.ss.VI mm. These .n. 1 tin- 

Q | 'iilplunl* avalliiMe ill ■iljink'S.s jrtocl dJ) Wttl] Js titanium. 

.1 i iiu'hl reconstruction plate. 

b AnyuLikd rramiii nil item pints left stde, 

c Angufated i eeaas't ruction plate wiili <otidykr \xeie I Irk «ck 

AvaJluhJc in three Jil'lcrcni 51. 

Note Not yet I IW) approved hy the United Suites ft>od and 

Drug AdininiiitralHiii. 
<l 1 nrul', In miplunl lelr Aide, avtutfllilB in ihrce difiereiil siy.es. 
t RfCoastructiisn jiLii,' foi iL-pij^emeni d| ! <H complete 

rriimdjjil-e. 
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THORP Reconstruction Plates 4.0 



a 



'l,l- 



. * ■ , , i, . I . . 



b OOOQOOQOOOOl 



W*wv 






'• 



FJfl,1,27a-d 

I i ; r. 1 1 . 1 1 1 r i In ■ Ih •'.'.■ rvi i.ii:v-i... lion pl.ilt ('J HOKP). Plale rh \ I 

i •• ■ '•• ■ ' WWS wjth SJretlal Iil'.kI:: uni h, Im, k, ,i in plate. 

hole with spw M locking $<. Tews: 

a Straight plaia. 

b A ululated place left >kk\ 

c Ik 1 1 1 i»w and siil id -in M ■ r. vvs wj 1 h nd d 1 1 i o n ul Ja t kl rig hc rew. 

d 11.1k 1 /. file of THORP sy^tciri, Plate iwfth jspe'etat 4..fl 

m.Scw Willi lack inf. 1 , .s\ ti-w in plm \\ . 




THORP 
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Fig.l.ZBa-tl 

a 2A icicw with nnivvfMil Inninre (Vui' 

fa kcLiiiiKuii. :ii< In. v,il]nHinliifiidL-Jliok-.s.in.l r i-gu U t 1A 



Si,nw. 



I I riil.OCK sjflrtfcm, Herrmann: lion pl.ili- wiih lined Jed holm 

and apcdttl 2. 1 roddn,g*cn>W, 
d Tlii.'l'.i' '.vslrni, Pliilu Willi speckJ I (J ..rew with U luiip 

MCr-.-,',' 







Fracture 







i.5 
rnm 



Mr,', Oil 






— b 




UniLOCK 







THORP 
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Single Vector Percutaneous Distraction Device 



o 




a 



I 




Activdtgi 



Ftff. 1,29a-d 

a Sltii^Il" vet. La r pertuluii'' 1 MM di'Uruclitm device lor Ttuindibu- 
|jr ramuivdistriicliorr, av.iiLi.blb' vvjUl a |c*1' -ir iifilil ttn\\ Ui 
'.u ili'.irr hiiumot at posterior position ui icn-ws on ihe 
mandible, Paul km io dieiniLndibie w ii : n screws. ftistrae- 
tot willi two •Ice! whktl Ljn be sepurulcd byiieJiwilloii o\ The 
bead ul llir internal shftfl al Its cm! nnJ knylliengs up in 
30 mm, 

b Action ion •icrpwdrivpi wvlh mtmml hexit^wml drive, I 
lull Luui OHmlereluckwise equals 0.:i mm to ttti CGttwni ITv- 
marking un I he snewdtiver Indium;:; loude-iuil directum 
Itir lenplbentri|j 

t,d Hdicnuillc driving «il applied JiMrdL'.ni device wli • 
functions irnnsbue^illv 
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Plate Cutting Instruments 





' 





1.4J loMfumenti I F 

krumcnli lor cnreccl and precis adaptation 
of iht pjjif* onto ihr uirmct <»i the hnnc in ny 

nhew iadudi bending and cutting device*, wfcm li dWfer 
In liw! for Eh* various nyrtcmj 

piffuiiti tortlourmg of plate* should be iarrrcd oul 
niili the Jul »») sepjrui. iblc leoij rhli 

bcbcDi iiihiiii.iII-. to Hi'- ■ !i i p-. mi \Uk I I ,11. • v . 1 1 ( 

able far all numlihiL wi tb> ' U Bad I 5 CTU- 

tlMlaCu\ *>'v1i"lll 



130«.fc 

. u'lnir tlKCi | li'i "• ii Mi l" I 



.ih |.| lie 
iShr.r- ■"' ' I '."I Hi'lU'i I I:" 'I' I ■ i' ' ' I 



,i,'ui'.u-r Ih* ?.. i |.i ih hiiJ'IIImHI' rejft Mi 
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Bending Instruments for 1.0-2. Plates 







J 





Ik.. 1.31 a-c 

I'. ! I'i' :;.', pllu'ta [.wmiuJ, lui I ,0 lu 1,11 |ilui.-- 

hiir l>l liciniirij.', pli<N.> wilh special mscl foi 'lv pj,«|| ■ lu.k-, 
|1iuh privinliriy.', |hi- Ul'lnrmjihivri iif the | « 1 . 1 1 » ■ l:n| L - lIliiiii|j 

/ rlt, «.-|r>sc it fi mI miHiih oJ berwling plJcfs ^iiwn in a 

/i'i\,"'i- I' "' I" ii'lriL y\w.\: ,hn,,-i in b 
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Binding Instrument; for 2.4, 1.7 arid THORPPIdles 




. .11 








c 






Fig, 1.12 a d 

a Mi'n.t.,.;,' ||, l||:- faj ., •! |'!,i!. 

b ll'lll'l' (Ml J.I |l|,5lf. Willi IndMMU Mr I II I'.M . V , 1 1 

il'Me'CMUy l« NnHh Airifrku 
c Hfiidihg plicr-r wlucli ciui hi-.idiii,-.U'Ll tiM.-ii' |ln. .- in.'.-.: ■>! lln 

I' ih .'III' In ill. ,,1'ip ill llli ilvr.nl In l.H II. II]' t hi' hn'l: .,1 

lln- end hi ill.- i ,i<r.!:, it ■, i .„i,i be bcfll tnJtlWswi Ihu 

li"l. .". sin. 1. 1 ..i..'!..', r ls , :jvi..i.,! I, i |. iriJijiiUHi-uih. f.Kju' 

sillily l''l i>'< i"i M'" i nth i'Jjk H 'i IlL'jiiJli-y, 'i|' il in' ulli.'ii 
ll I '.I iiu'!i.Ii.'JIuI|il-JiiHil-hiilIiIil"ii iI«m| ,!•,.! m.-Ji.-l n-lini i.,n 
in. ii n n ill. ' ' 
d hill ul hi n l;ii|; plu'i . .,'nl: \r.<:\,-, |.-r th | • I . . • In' tfl [>|!i 

III l.h'l'.ll llllllillli m| |||L- |i|,Hl I'.il; 
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Tr Jiiibutcnl Instruments 




«™ 



Thread 







Flg.1J3a,b 

'irfliv;l>i;. . :ii i ■!••: Humerus. I : <n t*ChJiit|ueSec P.tjj, \M« i 

B -.'I tlj inMiinnrril', \,.i ir.HLHhuLail p1p$cmeflt Q{ S,fi OT 

■smiillcr HysumvAr. i n el > ■ ■ 1 1 . i ■ ,-. ,, , n u|j ,.;,.■ ,.. . i vh J I - 

iM' M'. •'.!•:- !■ 1 1 ■■. . .J f • > the hanilU" viii s ihreaiL 
b Sel r.i 1 1 1 -. 1 1 ■ in-. r«3 l't»i irnrtr-hinxa! plaa-ruuil o I i. 4 system 
A.SL-h«-kro!m,h!.r aiiii.^ii ,,u,,|. fci . ■ •.- . . i ! . , 1 1 1 «=_ 
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Fig. 1.34a-c 

Tedirsiijue. ai * crew insertion with l mash u era I ii'Stmiuentv, 
Lnmsbiiccil plucenwitf p< sleeve. The cheek rdlmKir ml rn 
Linilly u . . 1 1 I... ,ir rilieor Lil.uk-, Frilling of pilot hole. 

I'nplh of screw hole i-i IflLf&stlBttl wftJi depth g;uie-,r Ihrmidi 
••;ii no sleeve, 

t I'liuvuiml (j| svH'-irimlnp. 2.0 screw thwiiKh lninslniL.il 

sk-L'V'L 1 , 



i 1 
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Powei Tools 





E 






Fig. 1.35 a- h 

a Mu.ro 1,'rivv pin-, .in \\ II uu I;k ul, kind, „irnl Iihi| jp;i|iui- 

lion.s. horwiinl ,iri\l rfcvttW, Spend! 0- 15000 l/snin. 
b l>ril|,ill;>liiiii'iil,Mi.i..,:il. vlasimii'ii "spettl JfltH] l.'min. 
f I i i 1 1 1 1 1 1 taC 1 1 Hi l'ii I SK i ' . M j 1 1 m 1 1 m i peed ? 5Q| I i /mm, 
d U;;< Mating dHU ailachmcnl ■!'■.' ' >■- . . ! I :i : n- nii'linn arDUIld 

m. 

'■■ i''i'i| ., 1 1 : ■. • . i -. • l : i',i..i, ,,j I mm. WwrfjltUHJ $£> 

6(WK) ..•:,, ill.ii.niis 1,'miti, 

■f Isl HIliI ir:;^ saw L i.i'.rN,i,k' Jcvmi i..i r -. 1 , i h i nn ■ n In 

• ] 1 1 ? i 10 n (i II, i l/min, 

'•;i'm hi. 1 ' na |i,i, .HMi" . ;i,v. 
Sow M.idf'j iii iUffL'jyni iviJilis is 1 1 1 1 teagths: frw Pfctftklittg 

'..r.|. 



1.6.4 Power Tools < Figs. I. J5, \M) 
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Power Too 1 5 





i 



Bg.1.W*-l 

a tX'MPAlT'-'Alk Dim' I I! Mr .Invesi powtT tool Jorwuril 
.mil wvecst- without work Inter 1 1'uplicin, Power and BOWcLotfl 
hi r^iUutU-xi by .! ftjfi bciltOn pi.i.:.: nt fat! till inki 'I In.. 
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1.7 Set Configurations 

1.7.1 Set Configuration Exept North America (Figs. 1.37, 
1,38} 

1 .7.2 North American Set Configuration ( Fig. 1 .39) 



Fig.l.37a-d 

Compact MF™. The craniofacial system includes implant 
modules in the dimensions 1.0,1.3, 1.5,2.0 mmanda 2.0 mm 
mandible system. The whole system cun be stored in a large 
Vario Case**. 

Modules and instrument tray are .shown open. The modules 
contain plates, screws, and the dimension-speciric instru- 
ments, such as drill bits and screw driver 
Standard instrument tray contains only the most necessary 
instruments for the operation like the bending and cutting 
devices, screwdriver handles, plate holding forceps, and 
transbuccal instruments. All the implant modules in four 
different dimensions can be used with the same instrument 
t ray. 

Additional instrument iray contains instruments such as 
drill sleeves, reduction forceps, depth gauge. 
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Fig. 1.18 a, b 
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Fig. 1.39 

a I li'.' ( i,!iin:l.i. inl Modular I'ixalion Sysh-ni available on file 
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in. "!-.s ior the application 01 the scrensand plates- in die dit- 
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Anatomic Approaches 
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Good exposure to the tract ure site is the key to anatomic 
reposition and stable osteosynthesis. Nerve or vascular 
damage by surgical approaches to the bone must be 
strictly avoided. A careful neurological evaluation of 
sensory (supraorbital, infraorbital, or mental nerve) and 
motor nerves (facial or occulomotorius nerve) is there- 
fore mandatory before operating on the patient. The 
most often damaged nerve is the marginal branch of the 
facial nerve during osteosynthesis of the horizontal 
branch of the mandible. The open fracture treatment 
with osteosynthesis must include the careful planning of 
the skin incisions for optimal cosmetic and functional 
results. 

For good planning of the skin incision it is important 
In haw a wide exposure of the complete face during the 
operation. The nasal intubation tube is fixed over the 
nose and the ironlal midline in mandibular fractures. In 
simple mid face fractures the intraoral lube goes down- 
wards to the chest wall. In panfadaJ fractures different 
routes fox intubation may be necessary, such as nasal, 
oral submental, and, exceptionally, tracheotomy, 
depending on the local and individual situation. We 
perfer to cover the gastric and the intubation lube with 
a translucenl, sterile sheet (e.g., Op-Site). 

Alter the operation the wounds are usually drained 
with Redon suction drains in a closed system using a 
small skin incision in the skinlines for belter scarring of 
the drainage holes. The wound is always closed in layers, 
and the muscles are carefully adapted with resorbable 
suture material. For skin closure we use separate 
stitches, 3.0 or 4.0 lor the coronary approach (or sta- 
ples), 5,0 for the face and mandible, and 6.0 for the eye- 
lids with monoid non resorbable suture material. 

Careful taping reduces the tension on the skin and 
edema. All patients are taught to massage their skin inci- 
sions starting 4 weeks after the operation, to apply pies 
Sure, and to avoid ultraviolet light as long as the scars axe 
hyperemic and red. 

Never forget that every patient considers the scars as 
the surgeon's signature. 



Explanation of Abbreviations 

BPI Blepharoplasty incision 

CI Coronary incision 

EB1 Eyebrow incision 

l'A Facial artery 

FB Frontal branch of the facial nerve 

Fl.I Face lift incision 

FN Facial nerve 

FSO Foramen supraorbitale 

Gl Glabellar incision 

ION Inferior orbital nerve 

LBI Lower blepharoplasty incision 

LCL Lateral canthal ligament 

LD Lacrimal duct 

L E 1 Low eyel id incisio n 

LG Lacrimal gland 

MA Malar arch 

MB Marginal branch of facial nerve 

MCL Medial canthal ligament 

MCS Monocortically placed screws 

MN Mental nerve 

NLS Nasal lacrimal sack 

OF Orbital fat 

SCI Subciliar incision 

S] Slab incision 

SI. Skin lacerai ions 

SM Submental skin fold 

SON Supraorbital nerve 

TCI Transconjuctival incision 

UBI Upper blepharoplasty incision 
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Fig. 2 I 

Lateral npproBche-t lo flic futiul skeleton, 

MAtidibUs The lobule ul die cur, sxigfc i >■ ihe in.iudible, arid 

mouth rnnsl ttKwtyS be *risibJ«J duriljj I lie operation lo .ilJovv 

pi rfect orkiituiiun fur cciitect3kittline irK-isinns. 

Hi" modified I. ill' hit Incision for the approndi to the miin- 

• 'I!'" U i-'i ii nun', I i lie lobule and v .in be e*teaMf«| 

iIh,viiv,;!Il1!. to (be homoi Hid skin fold* 0\ die neck to allow 
exposure of the angle ol' the mnndihula (FLf>. The main 4tein 
Ml the f*cM nt'i ve ttttty be dfttri^gpi i ( .' .V) during Mil- osOBOKVtl 
thesis nl rnrulvlitr neck fractures and should he.ivhein.'Vui BOS- 
vihl.-, v\- ■■■<.:- i i Cartful use flf die Lang^tWsck honk is manda- 
tory lonvoid nerve duiu.u'.r 

I M" 1 ''!!! 1 ' ol the horizontal brunch n| the mandible lollow. 
the sjfcla Hues, which may cross the margin of die mandible or 

not. 7 he miii-pin. i hi ii (MB) tqayjffferfap Ibc margin oflhfi 

mandible hy 1 cm. ThereU.rc after incisiiuj Ihc tkm the p a 
ty.snin iind fastis colli niasl be incised I Cio helow the s-kiu inci- 
sion til AVOid proximity In the net ve, ll Ihr facial .Uiery (M) is 
disss ' ''■■!. Hi_ pLuii'iii -li' inufgiiliilbmnch is.ilv.ij.,:, ,ihnv,,-(hc 

'■->■ sel. 



'■Mn laeeralkins tse? 1% 1.1, St,\ fMJ be u.scd for the 
L| trcttch 1m fnichircs andean be extended into die direction ol 
skin brie* of combined with ■ pj r\ inusiomi, 
Grlr'ft ') nil Zygoma: I'he AubcIUui mciAion l$Ct) is live mo« 
common exposure for tha inahn biincinfrrloj orbital rim,j;.il 
■ ' '• ■ ' 1 1 ■ ■■ > i I hi- hi :m il.ur- muscle is *i.-| . • i ,. i- ,| in its fix | •, 
5 lllll) below to I h. ■;km nick-ion, 

Lower Mepruinjpla.J.v biciMoa «cll.'l r l.'v- iidVteabfe 

bctai, • ii i h .1 ffit of postoperative ectropion, especially ui 

eldei |J i."...'iiis.'Jou much traction ttU I he skin nwrgiM 
drilling tints I be avoided. 

'The skin extension of a Iruns^umunclival Incision i.Ti Ji dig 
|j 'i t| the Literal Ci-ilUbijI aponeurosis and fives u very direci 
approach to th-.- b(HK 

The eyebrow inci.sioii I i -ir)i in ihe exposure of ibe lateral 

orbital run i', nicety hidden in Un. -hair. buiivi<pTcfei theufi • 
blephiiiMpliiily incision I' EffifJ for* direct and wty utranii mX* 
.ippuMtli to the Intern 1 and superior orbital rixn. 






CiJAi-i m %■• Anatomic Approaches $j 




F10.3.3 

Intraoral approaches to ihe facial skeleton. 
All mucosal incisions are plaepd 2 mm. above or below the 
aitached gingiva, "Ui give good exposure, tranMnucos.il 
approaches must be very long. In the mandible ear* must b* 
taken to avoid damage to die chental nerve i. .M N ,i , which p er fo- 
rm os ittc bone between and below the tooth roots 4 and 5. Prox- 
imal to the mental foramen the iki w CA n.tL goefc down 2- J mm 



to tflixe up again posteriorly in the mandible Therefore in l he 
I 'iii/ontal area the screws must be placed wry low to avoid 

i a sie damagt 

Intermaxillary fixation cun ■either be vin dental splints, with 
the help of unkortically placed short screws iMCS), or with 
miniptnre.s fixed with screws in lite alveolar ridge ol the ma*- 
Ula find mundible. 
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Fig. 1,3 

Submental approach, 

Use ol Mi c su b 1 1 te 1 1 u5 &|< i a I eld i. SM I I li c sb i n ij swp a m led i n • 1 1 1 

lilt liiLiitk- hi ['.:.', .v.r, •,. the- bun* wirh ITIsnimul bleeding. Skin 
Licmiliun.s {St ) «U1 In 1 Included Hi I Ik .skin line incision.-: 01 
ii'.i 1 1 as .1 -'-■. oniJ and pepifnrti! »ppw»acb 



f'lr/srri'K s Anutomk Approaches ,', 




Thccanilml UgpmiHiUnittt.llifi liKrlmnl .system, fhr IniTmi.d dud i W) *nd iIil- nasal lacrimal sadf {Hi vi me 

medial Lunlhal liyjETicni (Mi I i in a wdl dehnrrt ii union in - • l-s-f fi |g I Jh ■ llgmrti rtt and i -m mow tfftea lui preserved/l lie lui 
. inly wllh .1 vctv 'ilninf; muthnioiil tfl th« Ihhil-. Tlu' baity em I LaniliaJ llganienl (J.t ,7.1 Is ni 'I H I ij-ii merit bin u bra id i.mhi 

insertion point (4JJP) of ilu- medial lipamcni iniisi be placed Ifl eumlk HruClilrci POT eJtfFOi i llii' orWtftl cavity ,nii.l HeiOl 

DBTfflCl I"' :nliiriny, i,.M..Mr.ynil:, I he liH-rimai gland (i'.Ii) -mil the iwbi';-.l hi >:<■ I ' '' we mn|n.i 11 , 1 

1 i.i tin- s 1 1 i ■ ; ■ : "lo.sSLal plane- 
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Fig, 1.5 

Anterior approaches in die facta I skeleton. 

Ill jII i on i pie m frmrjures of the midtace the coiariary inc tsi • -~> 

It/} i!. ninndahiry.Tbc W lllciaJ.00 oJ I lie .skin margins respff tH 

the hnitlm* and cuii easily be sutured bark ai rh. end ol ihe 
ci p em t ion . T\ li | 'i ,i i : •_ 1 1 1 dfeS*£ I ion is saibpa I ra I an d Mjbpe 1 •• i ■■ 
leal, about ' liu above llie orbital rim r '| he snpntOfbifti] r ■■ - 1 '.I' 

\soN) jnu.si be nk'iiiiiiiil and occasionally burrlJed out of a 

sOiall Inriinicn I KSt> I , 

Literal dssscrlicin Is ileep on die temporal Irtscu in ftvoid 
damage to th* Frontal branch IJRftJot ibe lac'i.->l m-rv. ,. rjfm «J i L . 
easily the in-il.ii nn.h (MA), 

The ,i; label ur Incision (EI) either veriical ot lionzonud 
exposes tilt 1 KWH Qd 'lit- nose and ear, he used m plate a nasal 
bone grid! with SCftW fixation. 

Pom incisions arc possible lo .ipproadi the Itrmr m,,.- 1.1,, , ; 
',',. ..','f' if. We preler gather thr-subciliar incision [Si, I) in th* li rsl 
eyelid fold 4-5 mm below die rim that may lie ttyat r i ■ t >_■ • I laid 
ally up tfl - J i m [esse llunlul branch tiftbefiurlftj nerve (J^B)IJ or 
die irauMMiijucUViil lorisisHi •: r i . .' : dial may be emended 
' u I mg die lateral cumhu.s\ 



Lowerlilrpli.iii!|'l:i'.' ; . n . r.nin (J .' : T • niiiy lead toportopers 
live eelropton, The Sow eyelid incision {I hi) gives ,i gOOfl and 
direct view to ibe nrbmd rim, Inn die .scar in I i i'i ible and 
produce an eyelid edema. 

Mu.'.toi'die malar trivi 11^.', include die till raurlniuHnriVTnim, 
llie:elc.ire l he intraorbital netvc IJO.V'I must always he shnwu 
lijr decompression, Avoid netve urrnpression hv ,tn Oft? "■)" 
i'. plate, 

The liMiii.il hr.iiith 1£M) oj rhe facial nerve luy.s ui did-., p 
iuLm ■.Imiil'.'u:, l.e.vi ami |'m> up r . . Uit I roritul muscle ah" I 
LS cm posterior in the la to nil eandiuo-, 

!m injMn.jrh I hi upjMI OfMtflJ i mi we perform B l.lleiul 
uppei lilrplnirnplasi;. bi'clskni (I •,'■:; i, wNu h IrodK liirecdy In 
tbezyKomaticolrolUal dUlttris. The eyebrow hicivion (EBf) in an 
1 1 her nm live. Lacerations can he included in ihe skinSiutf 
approach lo the orbiL 

Slab incisions (\/) are i.nl in the .skin I in en Inr , I, ••■•„ ,1 r«dm 
lion with lhc hr.ok in malm true lures or Inr wound drams 
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3.1 introduction 

The aim of adequate internal fixation of facial fractures 
including mandibular restoration of form and function 
with plates and screws is to provide for undisturbed 
healing under the condition of function and without any 
period of intermaxillary fixation (IMP). It is therefore 
necessary to carry out an adequate fixation lor each 
individual fracture type. The question of how to per- 
form adequate fixation depends on the different fracture 
types, the general health and compliance of the patient, 
and the timing of the operation. While one fracture can 
adequately be fixed with one miniplale only, another 
fracture may have to be stabilized with a reconstruction 
plate in order to be adequately fixed. In addition to these 
factors, the choice of fixation depends on the experience 
and judgement of the surgeon. When in doubt, it is 
always safer to select a stronger plate and screw or go for 
a double plate fixation instead of a single plate fixation. 
Failures are almost always due to a misjudgement of t he 
surgeon and not to the hardware. It is of utmost impor- 
tance to recognize and understand failures in order to 
provide tor a safe and quick repair. 

An absolute prerequisite is the ability of the surgeon 
to identify and secure the correct occlusion prior to 
stable fixation of facial fractures with plates and screws. 
During surgery intermaxillary fixation is a must. 



3.2 Treatment Planning 

Not only the type of fracture but also the patient's per- 
sonality, age, sex, and general condition is of greal 
importance for treatment planning. 

Personality of Patient. Highly educated and intelligent 
patients show better compliance with therapeutic meas- 
ures and advice while those with a low social standard 
may be negligent in their postoperative behaviour. 
These patients require more supervision. It is our expe- 
rience that persons with a low social standard often do 
not present for implant removal. Therefore it is neces- 



sary to use inert osteosynthesis material, for example, 
titanium, which makes implant removal unnecessary. 

Age and Sex of Patient. Postoperative healing is gener- 
ally better when the patient is young. This is also the case 
with bone healing. On the other hand, elderly patients 
frequently exhibit diminished osseous density due to 
osteoporosis. The biting strength of young men is gen- 
erally greater than that of women. The consequence is 
that a more stable fixation device should be preferred in 
young men. 

General Remarks. Medically compromised patients with 
metabolic diseases such as diabetes, allergies, and hem- 
orrhage and patients addicted to drugs must be ireated 
with particular caution. Metabolic diseases may affect 
otherwise uneventful postoperative wound healing. 
Allergic reactions to titanium are not known. 

In addition, patients with cardiac or pulmonary dis- 
eases may exhibit problems with general anesthesia. 
These patients should be treated under particular anes- 
thesiologies! care either in general or local anesthesia. 

Psychiatric and neurological diseases (e.g., epilepsia) 
do not allow IMF and require open reduction of the frac- 
ture. 



3.3 Cost Effectiveness 

Number of Plates and Screws. The number of plates and 
screws used for fracture treatment should be limited to 
achieve adequate stability. Overtreatment (oversize!) 
should be avoided. 

Return to Work. The overall aim of fracture treatment is 
safe restoration of form and function. By utilizing open 
reduction and adequate internal fixation IMF for sev- 
eral weeks can be avoided. In economic terms this may 
be cheaper in numerous cases because the patient is 
allowed to return to work earlier. 
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— ^ — — — — — ^^ however. Here a load -bearing osteosynthesis with a 

3.4 Adequate Stability Stronger fixation device must be performed (see 

Sect. 3.15), Delect or comminuted fractures require 

The definition of this parameter is difficult. While one bridging osteosynthesis via reconstruction plates. In 

fracture may be adequately fixed with only one mini- this context it must be stressed thai even the strongest 

plait-, the other may have to be fixed with a strong rccon- plate may fracture with time (due to fatigue) when the 

struction plate. The Choice depends on the experience bony continuity is noi restored, 
and judgement of the surgeon, the condition of the 

patient, and the specific I r;u-ture type. Compression in Comminuted Areas. Comminution 

Reasons for failure are almost always due to the sur- means a lack of bony support. Compression in commin- 

geortj rather than to the hardware used. It is very impor- uted areas is impossible and leads to dislocation of the 

tant to reanalyze failures in order to recognize and fragments. Jl is therefore necessary at first to simplify the 

understand the reason for the complication. The aim is fracture via reduction of the small bone pieces and fixa 

to carry out a safe and quick repair, tion with small plates and screws and to bridge the 

Compression is only an additional tool for stabiliza- whole area thereafter with a reconstruction plate. The 

tion, not the prerequisite. Compression supports - at screws of the reconstruction plate should not engage the 

least in the initial phase of fracture healing - sharing of small bone pieces in the comminuted area ("bridging 

functional load between hardware and bone. Neverthe- osteosynthesis"), 
less exact and meticulous reduction of the fragments is 

compulsory. Insufficient Fixation of the Plate (Too Few Screws). If 

In all cases mentioned it is not antibiotic treatment compression ol the fragments is not achievable, il is bet- 
but stability of the fragments which is the prerequisite ter to use more screws for fixation of the plate. In cases 
for uneventful bone healing. It must be stressed that of a defective or comminuted fracture at least three 
antibiotic cover is only a supporting factor. screws on each sides of the defect or the comminution 

Whenever possible the thud molar should not be are mandatory. Thin and weak bone generally requires 
removed prior to open reduction and fixation of the the use of more screws than thick and hard bone. 
fracture, as it facilitates to some extern exact reposition- 
ing of the fracture surfaces. Osteotomies to remove a Screw in the Fracture Gap. Good visibility helps to avoid 
third molar should be avoided if possible in order not to the positioning of a screw in a fracture gap. Nevertheless 
loose bony support of the fragments. in oblique fractures the postoperative X-ray may reveal 

poor position of a screw, i.e., in the fracture gap, which 
was not realized during the operative procedure. There- 



3.5 Mistakes in Application and Technique fore it is necessary to supervise also the lingual aspect of 

the fracture before drilling the screw holes. 
Insufficient Reduction of the Fracture With Incongruency 

of the Fracture Surfaces and Interposition of Soft Tissue. Stripping of the Screw Holes. Drill hi t, tap (if necessary), 

Good visibility ol the fractured area during open reduc- and screw should be used in the same direction, 

tion is important. For example, in subcondylar fractures Repeated insertion and removal of screws is to be 

il is inappropriate to use an intraoral approach under all avoided. In weak and demineralized bone, tapping may 

circumstances with poor visibility and loss of the ability not be advisable, 
to control reduction. If there is any doubt, il is belter to 

prefer an ejctraoral approach. Plate Bending Error (—» Gapping, Torsion. Increased 

Intercondylar Distance). Bending errors can be produced 

Poor Positioning of Screw (-> Nerve Damage, Root Dam especially by using stronger plates, li is therefore impor 

age). To avoid nerve and root damage the plate must be tant to supervise not only the buccal aspect oi the frac- 

placed adequately, for example, not at the level of the lure after fixation ol the plate but also ihe lingual. A gap 

mandibular nerve channel or the tooth roots. If this is on the lingual side can be avoided by overbending the 

not possible, the direction of the screw holes must be in plate. Lingual gaps espec tally in the chin area may result 

such a way that the screw bypasses these structures, or it in a cross bile situation and increased intercondylar dis- 

musl be placed in a monocortical manner. tance, 

Torsion of the plate may produce Occlusal interk-r 

Choice of Inadequate Hardware (Too Weak, Too Small), ^nce, for example, tilling of the smaller fragment or an 

Especially When in Combination With Subcondylar Frac- open bite. Therefore final intraoperative supervision of 

tures. Young men generally require stronger hardware, occlusion is compulsory. 
The functional forces in elderly patients with edentulous 
and atrophic mandibles should not be underestimated, 
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3.6 Failures 
Nonunion/Pseudarthrosis 

Infection/Osteomyelitis. The above situations require 

surgical revision. Nonunion and pseudarthrosis must be 
stabilised by using a reconstruction plate. If I here is 
bone Joss, (he fibrous tissues within the gap may be 
removed and replaced by corticocancellous bone grails. 
Infection and osteomyelitis must be treated as soon 
as possible. It is not advisable to manage local infection 
with fistula! ion by using antibiotics. Antibiotics play 
only a supporting role. The reason of infection/osteomy- 
elitis in the majority of the cases is instability of the frac- 
ture and ldu.se hardware. Therefore the only effective 
measure to manage the situation is reoperation, clean- 
ing ol the infected area and application of a reconstruc- 
lion plate. It is important to use at least three screws on 
each side of the fracture. The screws must not be placed 
in the infected area. 

Broadening of the Face (Increased Intercondylar Dis- 
tance), Especially in Combination With Condylar and Sub- 
condylar Fractures. Broadening of the (ace is esthetically 
and functionally unacceptable. Therefore this complica- 
tion also requires reosteosynlhesis by using a strung 
piste. Overbending is compulsory. 

Malocclusion. Malocclusion may be seen postoperatively 
as ihe result of an insufficient intermaxillary fixation 
daring surgery. While slight occlusal interferences after 
open reduction and internal fixation of mandibular 
fractures may eventually be corrected by grinding the 
tuJiisal surfaces of the teeth, serious malocclusion 
requires reosteosynlhesis in the correct position of the 
fragments- 

Hardware Fracture (Plate/Screw). Hardware fractures 
require removal and in the case ol instability reosteo- 
synlhesis. 



3.7 Indications for Osteosynthesis 

Fractures Requiring Open Reduction 
and Adequate Fixation 



• fractures in uncooperative patients 

• fractures in medically compromised patients 

• Patients in which IMF is not advocated 

• On patient's request 



1.8 Indications for Perioperative Antibiotic Cover 

• Medically compromised patients 

• Severely comminuted fractures 

• Heavily contaminated fracture 

• Severely Ulcerated soft tissues 

• Dilhcull Iractures with predictably long operation 
time 

• Delayed fracture treatment (more than 24 h) 

The intravenous administration starts prior to surgery 
and lasts not longer than 24 h. This antibiotic prophy- 
laxis is not sufficient as therapy for a preoperatively 
infected fracture. It cannot replace insufficient mechan- 
ical stability. Mechanical stability remains the best pro- 
tection against infection. 



3.9 General Remarks 

• The first step in reduction is restoration of occlusion. 
The reduction must be secured with IMF either by 
splints oi oiher hxaiion devices. 

• Selection of at i ess depends mainly on the localiza- 
tion and type of fracture and the possibility o( frat 
ture reduction and supervision. 

• In dentate patients supervision of occlusion is man- 
datory. In edentulous patients il is very advisable to 
use the prosthesis as a guideline for the correct inter 
maxillary relation. 

• General anesthesia, mostly via nasal or submental 
intubation, is therefore necessary. 

• Tension band plates are fixed whenever possible with 
bicortical screws. In situations in which tooth roots 
or the mandibular nerve can be Lacerated, these 
screws are placed in a mono cortical manner. Com 
pression and reconstruction plates used at Ihe infe- 
rior margin of the mandible are fixed with bicortical 
screws. 



Severely dislocated fractures 

Open fractures 

Complicated/comminuted fractures 

Infected Iractures 

Mandibular fractures in combination with condylar 

ci Miluondylar fractures 

I'.iniaciai fractures 

Fractures in patients with edentulous jaws 



3.10 Localization and Types of Fracture 

The localization and type ol fracture define the treat 
mem strategy and Ihe surgical access and are described 
in the following sections. The various options for lua 
lion according to the severity of the fractures are 
described lor each localization. 



MM 



C 1 1 M< r L iM i .V| rt rid ill ulrtr Fra rt u res 



3.11 Fracture* of the SyniphyvH 
and the Parasymphyseal Area 



__ Simple tract ures may be i ,n i led oul under luail anes- 
thesia 



Definition. Fracture's of tilt? .symphysis and parasympliv 
seal area arc llinse located in I In* ant&rfal part Oftb.C 

mandible between the enntae teeth, They Include the 

area »f the chin kind the ia&etlfOEl "I ih' . 1 1 1 1 •. ■ i ior mus- 
cles uf tin- floor nf the mouth. Since these fractures axe 
nrti n rial dislocated., they can cause diagnostic prob 
terns. Clinically J sublingual hematoma may lie the only 
Hymptoro liinln-rnhn.:', especially in connection wltti 
liesfi fractures condytai or ijufecun'dvutf fractu res must 
be excluded, 

Radiographic;] lly the traclun' fiSfl be hidden by the 
uvcrprojt'Ciioriof the vei 'tfi ,il spine, ( Mi i ucally ill dentate 
pnttentS this type ol fractu re is considered an open Irac 
lure. since the fracture line runs through lire alveolus. 

Special Conditions Influencing Adequate Internal fixa- 
tion, i he intraoral approach allows sufficient supervi 
.kjii of'tftuj! leduclion. All types ol osteosynthesis * :an be 
applied via this approach, The creation ol a gap on I he 
lingual aspect ol (he fracture rnnsl be avoMedi The dan 
gerol "widening of the mandibular ni'.li and thus broad- 
ening oj ihe face is especially present in symphyseaJ 
ir.ntureM in combination with .subcundylar traclures 
■ Tii;. 'I.l./uj.ln llletliin area iavv luih. lion |muInLe.s 
Inrtional a 1 , well as compressive and tensile fnrces. I hi 
liiri.'.r tensile In ads are located at the .uva til ihe alveo- 
lar eres I ,iod ,U (he iulerinr border (Ktiddetntan IW2). 

Procedure. Generally the intraoral approach is used via 
an incision ol the mucosa In the veslibuJum.The extra 
Oral api'muii li maybe used in cases with skin laceration, 



3.1 1 .1 Tm it averse Fra rtu re Li ne Without D iilocation 

•;i , U| 

Al least three typei »i liaclure hxa»iuti ,ni' possible: 

• A dental splint indudrngfll least three lerihon i-idrei 

hi' ni~ i h i - fracture In combination with n tour-hole 
mini plate 12.0) ur a J'olii hole LXl-DG p3atc,placedju.<ri 
underneath the apices ol I he tooth roots (Fig, 3.2). 

• Tw o t( h 1 1 ■ 1 1 m I i i nit) i p I a t e.s 1 2,0 ) , fixed wi til iricmOUQl 
<iuilly applied screw* toi the superior plate and 
bicortical screws tor ihe interior plate. The superior 
plate neutralizes the tensile forces {Pi r, V i) 





Fig. 3.1 

TbttUtVCitite Inn. lure a| Ha- -.ynipliySeuJ aiva wulmul disltiiiu- 
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Fig. 3.2 a, b 

a Open ifduciion and inter n.il tiKutJon wtth u in u fiola mini 
phile (2.U) in l Din Ihii at ttm Willi a denliil spliol 

b i. ipen ri'diiLlHin and tnlernal Irrtittinri wilh .1 four-hole ' 
l,C DC p|jir in riimbrnnrifin with n dental JpKnl 






.1,1 1 ■ Friu -Hire's ol I lie Symphysis anil ihc Pfr-j^yntpfrysefl] A rti S | 




I'w,. mi iln i'f Icing lag screws thai cross the fniLluru 
lii'.' in II h"i 'i7ontaldiifCtnii),'lTir.-:r ■•,. n'w- mmim g in 
r iiily be longer than ^ mm, For un optimal pUsme. 
mcnl of Mil- screw h«ad rhe i oiiiikTMnknuiKt he ust-d 
Hi linlh screws arc placed in flu- bone b.eit*Vtf 
the (froth roots, 

Strong?! plutM such »$ wcantftructtaia plates (lini- 
uu h in i m.ikri may be na Mssty when these ti ,!•. 
iinvs occtir in combination with xukimdylar Irnc 
lures or with pantachtl irncturcx 



Fig. 3.3 a, b 

•■ '| ■■ i' n -!■!• lion nrid irilerrml fix a". Ion by iminu Iwi* Ii»i„i Imli 
int t ■ 1 1 -i . it. •-■. i. 1 , ii| Tin' -i perioi plait musi hu fixed Wjtli 
iiHHHMUikally plocijd&cucws'^as indicated m trtfpt] 
;\ I'Mcar-okl wuiii.ii. 1 '. . , : . -f--:- 1 .1 1 1 ■.-■ ■ i.iili-ipi.ipJi lijjflwiftg 
Iwd minip5alys (£0) til . 1 S'/rnpI •■"■■■ 1 fiwHUfi In lln-- ■■ i 1 u.u 
lion lln ••! ■i-|'.: , .,n , I ■■ 1 ■■■ Cfl app | litflhfrt LW>*bciIfr»tlill3 

iotly iintl rht'ri;Sne,i I>iii L :m . ■■■. In. -.,,.■ mitiiplaie jiU'ccturly, II,, 
iijil I 11I" ondj ■! 1: 1 1. it I nit' war, ■siiihili/cd Willi a fivT-linlr 
rlnlr i,:.!!!, '.vIslTlm:, I hi- condylar Irncliiro nn tht li '1 
uolilJlHil l>(;nikTri,illyrixod/lhiTi'fi»N- I Ml fol l".|,u", wJth 
L'Jaslio w«s u: -1 d 
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Fig. 3,4 1, b 

a Open reduclitiri nnd internal fisaltan by iwingi&l l$a$1 two 
hdrixontnl ?.. I 1 ir . r«twaiTbcsuperiT3T#arrw mu*i be placed 
wilhiri iL ■ ;;ii.'iJiiiJ cortex in in mikt nor to damage ilu 

tooth root* I 1 '-', i 

I* Postoperative iadiitjj,nipli showing rWo Imri^vnt.d Iqg 
!n.fi;ws. T liu- -splint v,M.:- m.l.illrii loi iitrruojK^invv liv.ihmi ol 
Mil- morliilion rind piM$0J>Blili3vc fttfwitijjnal lii ilu.. iir o| lb-: 
Mjlirnndylin li'iKllllt-yri lltt; Jffl hid*', 



\,u > Fraeinres of Ihe Symphysis and lite PitrasymphysewJ Art'u ft i 




Fig, J. 
IV.iii-:v..th.' i r.... i in, ,,' i In- vl iii|-.|-,v';l\iI ,mv with dislocation. 



l«11*2 Transverse Fracture Line With Dislocation 

, 1.5) 

This iype of (ruutire requires wider surgical acct-.ss lo 
•n|HTvise reducrjiin. Fixaiion ui iht reduced Iructure 
with either n dental sptiin at I AM plntein ltw urea of the 
alveolut Lrt-.st (tensile .ihm'i, together vviiJi temporary 
(MR Fixation of tin- Iraclure at I he in terror harder with 
either a 14 D in ptote.CFig '■.(>) pra Universal Fracture 
plate h necessary, When die I,'.' In plate ti preferred, 
the i ompn -ssmn device is used viu die excenmc drill 
guide 1st ■ I .!'. 1 . 1 7 1>, w ■), tilighl overbeudi ug is necessai y. 
ht plu'sicaliy ftttong .ind.'or imeoopera »nr patients the 
l in ' plate iivav be toa weak Iiu:Iom' the Ungual gap.Jn 

:•.'■ die slightly s|rongtr2.4 IJnivt'r.siil rrnirture 

plate Is advisable (Fig- jj), A i-xunstructiuti plule with 
itt teqsl sis holes hi.iv be nioiv appropriate in die pu-s- 
t'neeota cniu'cmiiliHH nni i>r bilaitial subvondylartrac- 




FJ$ r 3.63,b 

Open retferctfarj and niieiunJ Sjcatkin v, |fo u hole mini 

pliik' I.' ,03 iH ''I -i Ii".ii-IhiIl- 2:4 I I I" pkW The NUpL-nur 

plair h ■■.!■■. I with moiioctrrllcnlly placed ncr-eww 
Ivsmjifrruiuve laJiuyruph showing <i loui-lnik imiiipLiK- 
; 0] Ltud u M*-hnV i.t: DCjpIi 



< "•' '■■! < !■: ' M.i in fibular Timtures 




Rg.J.7« r b 

a Open rettutlloo and jjjiern.il fixation by usim; .1 u.ur-lmU- 
rnin|pj t itcfl(» l »ndj|'i.ui h d't .: -i I i Ivttnd I i !• .. in., plate, 

b l-riKUireofdio sympliyacal ,tre;i atabfcd with Lniptitf* 

<J.iii.ii:J.iiji.-iRh(- holt J. 4 UtatasrMi] taenia plate rfaetwo 
mm-r tatatfoni iH'./it Ivll empty Iv. *Mtii\ -.,-.,.,;.,:., 

mlituiionm i.ii', ,iiiM.i'|ioNii,.i, r ,; |,|n, WA .,..,,.,, ,i;, | U . C . 

I ' v ' u '' I '•'■ " (I '• •■■iciminuiiiiji .mil ihf loss u|fh,j | L -(i 

Lower motor, 



U i ■ FrfcCturca of |hr Symphysis and (he Parasy Iflfthyjtteal Aftti D5 
















3.11. J Fracture Line With Basal Triangle 

In iln:-.';iii!.'.iii':i .: ! I 1 ,'t-rsal Fracture plate at I he base 

is used. The main fracture eikta should u\ Jea&l be faced 
with lliree screws. The triangular piece o\ tin- Iw-i i&q 
Further b<- fixed with 2.4 .screws tQ the plate or with Z«Q 
or 2-1 S( rrvvs acting as lag screws in a vertical direction, 
In thf temlte w.ch .1 iiiirnpl.it..- (2J&) is used (Kg. 3.;-;i 



Fhj.&Bi-c 

a rniL-Tiirc Of I hi 1 ^'iiiph' v; rj] Bfl a witft b -■*-.■ I llianjdc. I tycti 
reduction an. I Internal Jixau.m by using ;i four Ixode man 
platO 12.0) utld J IcTt-liuk- Zi4 UnivLTJial FraCtttre pkit. 

b Radiographic apjiiMiniin' ul ij BWOitpfcysefl] Ir.utinv with 
l-,i'...il n i.nit'li! in j p.in:,illy rdi'imakiie-; lnambbU'.i 

C J'milmn wilh a six- half mini plait 1 | ..'..III Ini . ■ . I ;h j ■ : . . i mn irnl .1 

XA UnwcraoJ Fracture pJuu ai I e b,ase fpi nthiU/aTlttn. i In 
si i . '.. ii. lies hi iJil- arv% im\ tunmiinii trjn are left empty. S'Mfl'i 

lhr0<:.'icrinv:si:.l, imi'i : -!i- 



1 ii m" i !■: 3 Mandibular Prm lures 





i .Lommmiileil h:n urn. llu- ;;yi-i|i|iy\;:t\ii ,'a-en. 

Ii I 'I'i'ii redui ii":i.i(nliiutidiiil lixaih-n 'viih.a Jt-ntiitsplln; I 

.1 irii !,.!li • I rtCOJMtrtiiMlisti plnla, 
I i nmmimiied stiiipJiy'seal Inicina aricr Bpeta rcducuon .mu 

illlel uul fixation with an rij>hl-rmle acta] •■:.,: kih ptate In loiii- 

hni.iliult wil!i.i1vn-ho!, '. I uvuhm.ih,. in. r , plate. I'lule halt* 
■• ••• liir comminuted Iriunue urea art I c 1 1 tmpt] I oad 

I"' ITTT1| !!■■ jla:| 




3.11,4 Comminuted Fracture (Tig. ,i 



3,1 2 Fractures of the Horizontal Ramus 



The fragments are reduced hy using a dental splint and 
IMI, Bridging nt the fracture area is >v i I h a 2'X ra ; 
..iinedou plttle, Rislorliun n| the main tracture ends 
uuihi be avoided by using the plate holes in q neutral 
manned Ibis ia ol gi£m iriipnrlanu', especially in 
palienh wilh teelhiCare mast be taken nni in ttse strews 
tt>0 1 1 'U' in a fruui nr** line. The thicker bony piece* mfy 
■ ii.smI '.vitii v. i, i.vr. to ihe plate (Kg, JfjSb,?), Sttfppftsg 
i»l I he lingual periosteum ii; ncil advi.sed in order lo avoid 
ilklliihiliii e Clf tile blond supply ol the small hi Hie 

piece 

■ I" ■ jal .mention murd be given to On- •. i u n ly !.i i - 
since imiM t»f ilitvse mmminuted chin mulim'- ,n, 
oh ■ ervedln eonilmuimti with umdylar or subcojitlylar 
•!•'■■ in!'"- Especially when bilaiei.il ..m hi uinihmation 
with p.uii.ii i:d hoclures, these fractures, should In- inter 
nally .stabilizird. If an. mimical]}' possible. 



Definition!. I'muuies ol die horizontal ramus ,nv tfeoai 
located between (fee canines and the last molar. Particu- 
lar attention must be given lo die menial nerve. Both Al' 
pioHM.hnii arul orthopantomogram are inn Jida tor y since 
die typi- ol mi. lure directs Ihe surgical approach. In 
dentate patients r 1 1 r .- * type etf faff Lure ts always an open 
ir.t, urn- .since the fracture hue runs through Ihe ah. 
la. 1 ., 

Special Conditions Influencing Adequate Internal Fixa- 
tion. 'I he intraoral approach aftews -,iiih<iriii -.upervi 
'inn in the anterior pari <>l die horizontal ramus, In the 

piK-.lenor pari j (j.apnilmih die inl.Tmi and the Ungual 
aspe< is ol ihe fracture cwwfti alwj \ ■ ■ I i supervised via 
lih. iiih.iiM.il approach. An exttanral approa< h may dien 

he moreoppi'Mpi 'This isalsoa qui • i ol theexpe- 

ricnceol ih. surgeon and Is therefore hi'-, deefflfon, 



vi i I' rutin res ol I lie I lunzant.il Rviinu* 



ft? 









Procedure. Aji intraoraJ appriKich is generally ihosunJn 

i truilur arm -nidi I tonal stab in.isions may be neccs- 

fof the traushiu.Mil placemeni of I In- scjrews, tn 

..viiy loitiiumnied Iraciures an ejUraoral approach is 

lorn avoidable, Ol course, cases wiih oVerlyirig itkin 
i.KL'i.iimr.s are ajjjprojifoi hi d ihrough the wound Cocca 
mim.iI iippraach' i. 

Special HtWfJtiojl miisl be rivm in die meni.il nn wg 
When using die Jrili.nhriil approach and to lhe maiguud 
btMCh tti the lucial nerve when using [he exixaoral 
•Tl 'i ■ ■•" It • Fot "his reason a Ininsbucedl approach Ls 
often chosen (see Fig, 1,3 1 1 

Generally all rhese li-ailure* are opera led on under 
ml aneslhesM. 



Fig 3.10 a-c 

a Ftai lure ol the horizontal rarau> without cU«to< ji iuii, 
b .Stoiiilizution Willi livn four-hale mini pi, , a i • 0) 

( Ri.'faii Oi a In r. | mum li-iicliire ivi'l tvw lour-lwle 

miniplaie* i,j,iii Ttwj iuibjOffitlyhu fracture on the QpjNJiia 

^delinsheenst.ibrhaeiJwilJinlnur-liolriMir,! BCjuatl ' ifl) 



I :',. .1. Iflb.c), In strong male paiiniis and m untnnpi-i 
tttlVfl putieiiLs.il inay be necessary tu use a 2.-1 plate with 
liiaulicaJ screws ai lhe inferior border; to tension band 
u denial splint may also be uved (see Fig. 3.2), 



3.12.2 Transverse Fracture Line With Dislocation 

(•fSfr.aUi*) 



3.12.1 Transverse Fracture Line Without Dislocation 

I'lMR.I.IU.O 



Ibis type hi t r . i ., lure requires wider surgical access (h 
.'iii|UTvise ledm tiim. Reductinii is secured with a .' n 
minipJnli' in die-alveolar erai Ctenstte area* or a tension 

Two i... ii I - - ! . ■ iiuiii|.|,ik^ i,Z,(i|, uioiuxorticaHy applied band-.spliul. Fixation of (he irauuru in the Inferior bor- 
'"•' s Un lhe tens -band plate, ami bieortical screws dcr with a j.a I r-P<: plate 1 1 1, : 1. 1 1 bvc .i < rserbertdine 

fcl lhe 1'I.ilv ai lhe Inferior mandibular border are used in this area e. less irnporianl than In lhe anterior part erf 



6 » 



( 1 1 A i 'it i< i MwikI i Ixi l«r I rjc r u ret. 




I he inaudible, In siivmj;rt iiink- |nuicn1s the 2.4 U DC 
plale maybe too weak to withstand the fjiflCtlond Earcca 
mil lo clow die linguuJ gap. in such cases a stroruii-r -'--' 
Universal PrsctWG pfctefe (tdvfefWe il i-,3.LV). 



Fig. 3.11 at 

A PtadureOl li"-i/"iil.il r . 1 1 . ins K illt illslncnlKHl, 

b Hi p.nr.'l .i li.ii ! i In Inn i/uiiUil i lUiiil!. Willi u I'hut-JmjIc 

IllJJl J J'lulu- IJ.U) uA IC'fiMi'i |i.ii:i.I .in. I ii ,' I holt •' IK' DC 

pl.i 
t kv|Mi: n ; .i '.ilri.il ii. i, ill.- Willi ,| foUl hulr | ■!..!. ( ! 1 1) 

,is rejwjwi band and i hotefcl I H pdatft 



{\Q.iMi-e 

B ri.-'opt'nuiv.-l'L i In '..inn ■■ mi.iii.iii a . h RgJU Lil ttttthfcptgilu ► 
"Ii I n in Li>tjiL»ij-hilJuji u-UJi a:i ini|4ukir IfaclufL-i'ii line left 

fide, Fixation lytffa a mlnipl.ik' l.:.OI' itl IcPSJOTl I ■. • ■ ■ i - I i com 

blotttiuO wiili a J". -I l.rvivcr'ail Irut inn- plitU' 
bj C RatBdgi ,i| r l lie ilppeamnrr pre .irul poslr-pi'ini \w\\. I , 

■ 1 1 - ! - • '!■ 'I ii,i. inii'.-. ri ,i (railing .hMiitiie iu,in fixation with j 

minipliltJ: (2,0) willi in, h ,il.Jy plii'.^-il ,. |. '.-,•. . ii I i 

Universal Fracture plate with bkniiieiilly 1 pUiecd screws 

,\ ii|.'iiUir Irji-'iun- S*e in Imk.-'.Mi. 
d, c ('Sfc 1 1 1'.,.. 1 ,'.' ?£l i 



'.. i ■ 1 -nurtures of iht l&tri&uital llmmis &<> 







(Jll.M- i'i-:w i M it rid dm Kir J- natures 




fig 3,12d,# 

d,# I'lL" ulld |H<r,uipLT;l!ivi' X-r.iy,s.i| limiiiuliUl mini :r.i. luiu 
invi'.'iiiii'nir \xeil 111 .i'.|i'on};iiiiin,Fi>;nti<>riiVLlhjiniiii;jl,ii: 
flLM jii OJiubmuliwi wittl S 2.4 Universal f'r.iclun ; • Li i : 
r- 1 ■ « ■ i -I iml- '.Li'i-wh ,irol>ti;orlK'ii,lly [iLm: ! 



3.12,1 Oblique Fracture Line With/Without Dislocation 

Fractures with tin oblique fracture, line have « ••■■ >< l> sur- 
face *nd can cherefon be fewd either only with Luj, 
screw:, or a lug serew in combhuf uni with p.l;m:s. II sta 
biliMtion with screws only is pertormed, ihree MTCtoffi 
■should be placed (Mgi 3.13), The an:,! underneath the 
• t i rwhead should be flattened, and I liertrdVirc ihe coun 
tcrsink Lt used, ft" only lwn Luj, screws cm\ Ik- placed, ,» 
loisi! li Ration at these tag .n-rew.s wilh n >,4 U, 1H. plan- 
hi a i .up., i sal I'r.n inn' plate fa ne< essni y, tugetfoer with 
<« splim lor lemmii-b.iridingfFig. J. I --I ■ 



ffg.3.Hi-B 

a '.JbliquL- fracture cd the hot i.^nluJ ntmuS. RCfMril iviih Hirel- 
ing scri'w>, 

b r t Pro urul pus I operative V i,i : . ol i •■•• • ■!■. di| iled 

nbikruc ii.ni nit' of ii. I /•.mi j l umu'i. am, i open reduc- 
tion adoqutftB hxatiim Willi ihh\ M !,,,•, \ ,-.•■ 

I, \;\- *i , 

d I lilih.iil i.-'LimpL 1 ol an oblique I'lil. Iuil' &l ll.> I -n.'/, ,n;,il 
R mi .11 llie primii .l.ii- hum I , i'1'..lllv, llie ir.Kinii- , Ii.ikIIv 
■■ Uibk-uu tht: (U> I', 

e Ideiil s lability! io ii iri thfa case with feur27 Ida Screws 



I < ! trtn-luresul llic lluruontji] Humus i 




1 ii '. i 1 1 i, i MiiinJiWuliic Fratliirt-> 




Fig. 3.1 4 

I i ii ol an afeJwjEH: rr.uiuiv with nrtfc \m &&&» in. isttriYWrM 

Hlh .i J.s h in i-i.n., ai Uai I, :...-. • bender atid n dental 

■i ■' " ' ' ■■'• ' " "i*«> Nnd *To«j plao me i i ig i u-v, in Inset 

I'ln • ''V rtlllM In 1 |4;i::,| |. |S| .illiJ l|lriV;.!li;i ||. •. Il.lin 

• M i' '" '■'''•' •"■' '1* e*1 ■.'ULnitpusinnn, 



Fig.JJ5*-d 

a I'mviiir.-iii i i • 1 1 . ■ i vMiiial riinnw Willi banal trtenjjta ► 

b Open r.-.li... iiinijijid uicqtMtefMarifmwitMfoui hc*k toitd- 
pjflbct'2 ii) mi um&toti luna.itKl mi eight- 1 mi- i inivfefsal Frac- 
ture plate, 

t Stabfliiaiiftw ttf i ctWoieated fhu rtth bikao] triangle 

with ii iriiniplnlr | I (J) w 1.,-iv.mm band ii! ....nnhin.itioit with 
I haf* M 'mi', i ,11 i. i iirt- plule, Empty hole n hove tin* 
It ...lure- line in lifiWL'oii n i,m r l, and corpu.v. 




3.12.4 Fracture Line With Basal Triangle I hg, 3.15a) 

i '' tea 5) ndicsis is ptrformeisl v/iih a L4 LC I H [plate, or a 

.t'l Universal l-'nk'lure plate ai I he taft.of themandthk 1 . 
In .ipprnprialt' silUiif inns the triangle can t>c fixed either 
liMhi'pliitv willi ,i J.i.hm '.-| hi^.si:rfwnr|o;iiii,M,ni bone 
willi a MptHUlife lug MirifW In llic tensile urea a 2^D mini- 
plale with iiniiiMHirfically placed screws m a tension 
I'.milI .splinl is useij (H;>', V I 'li,c), 



3.1 2. S Comminuted Fractures f Rg< 3. 1 1 ,t ; 

The fragments arc reduced aild approximated by using 
i.'"'in -.UimimplatenH lag mm -.v., 'I be >i,u Lttne am then 
is bridged with o J. I m 2-7 reconstruction ptate. Of 
course, the ser*W8 must be p&tced in a neutral |n wilion 
ii mi ampressnui m the presence of a com mini i I 
Fracture is inappropriate and may lead lo Jislorriuit and 
consequently I o malocclusion 1 1 i;\ I lefts, i ) 




iii' 1'TH.ctuTCfitif rho .\1iituJlhniui Augk- 




Ffg,3.16a-c 

.1 CcJiiilJiluuJcd ftUetutfeol Ihehorramtitl r;utio.:.. 
b Dfn.-n r-: 1 1 : r = - . •. 1 1 1 Udld rigptl lix.illivi with IWS mlffllpktol (J.tii 
Inr li.KOire-idjulalion .in J a J .1 rCCftniifrUi tlftD , ■ I .i t ■ Nob 

li'" • -'. II".'.' m|| ; ,j, || Mil,' nl t hi- HilllfULlUted jr.' | _| I ' \\i,m- 

.. I.,i#>ry. 
t Slabilisawinn "' O MimiuiJiulL-d Iracturf nl in I mi i.niilul 
ramus Willi two long iiiiiu ,>,cLa|ii ,n inn pLi, •+ |bl jnhhdty 
jlioriul the v.iiii-iu.'iirjurTiL'nls, Hn-.l;.: nBj.oJ tlu " 'inniiniitcrJ 
area with B I J bote rccmistni, tfefl plaa tfottt three .nltl'wm 
Oil nil in '.Lijf. 




3 . 13 F r act u re 5 of th e M andi b u ta r A ng I p 

Definition. l-racmres of ilu* mandibular angle .i i ■- those 
located posterior to lhe second molar .i mil corctprfafng 
:1k- ttiaftgJe between horizontal and ascending ramus 
Frequently the fracture line runs ihrough the area of an 
inip;uii-tl (liird molar, Since the orthopantomogram 
alone often dotfiS noi show the degree of disJnuiiinn. 
additional AP projections are mandatory, 

Tht? type of lhe fi.n 1 1 in', the degree oi dislocation, 
.iml lit-, 1 fitpi'nence'pi the surgeon determine Lhe si^ 
c'al Bppxoaeh- ll a third molar is pardy impacted or in 
roiiliut with lhe second malar, lhe Iracture must be 
regarded us.m ojjen fracture. 

Spedal Conditions Influencing Adequate Internal Fixa- 
tion. Control of die mtenor fracture aspect is limited 
when using flu* intraoral approach. Tlie need lor intra 

lipemtkc intei maxillary \\\, rj may he an iiddiiii.ni.il 

obsi.u |. in reduction of I he fragments. 

Procedure.'! he immoral approach can be used in - ,i . 
with no or only slight dislocation. While some of lhe 
screws for the plate fixation in the lensum-band area can 
be placed via tin.'. appmai h.ii is often necessary to \at 
an additional. stab incision for cor reel iransbuecal phti i 
ment of the strews al the base trf the mandible. 

Fractures with a high ekgreg "I dislocation or com- 
minuted fractures need an ex | moral approach loi cor 
rect reduction und super vision of the pl.n a up it| Lit the 
plate. The i w P© I appHi ution oi' longer and BtPOtlga 
plates is extremely difficult via un intraoral approach. 

When using the extraoral approach, special .mention 
must he given lo lhe mandibulur branch o\ ihr i.n i.il 
nerve (>see Fig. 1. 1 1 

In some instances local anesihesia may he sufficient 
lor I In. i n ,ii ment ol a simple and no udi.s located I r;u tnre 
when Using a om-plair lixaiion in the area of the linen 
obtiqua. All ni.liei gases, however, are usual I J t Wl ted otil 
under general anesthesia, 

It is mil compukai '•• in lemove n third molar which 
located in the Iracture line (especially not with an oste 
ntomy) since ihis procedure might hinder 1 1 ■> fflm< I 
reduction and lessen stability oi ihc fixation. This w ij 



--1 Glt/tPTfijl | MandilniJur l J nu tures 




iiR'.tn wr i!-;, mug ol the tension /.out. hi uim.-s in whit.lt 
it mov.il oj tlif wisLknn tooth is advisable it should be 
pin tunned after lixatiiui of the fracture with plates. 



a lr,-.iT-:vi rv .i mj^Ji. frpctme wiltwiil JrLn . ■; ■ mi with t nil- 

ri--,'ii'-',i wisdom Looih 
I) h,K ini-L repaft with -i - * i m -J . - •.!• lh"cnunipl,ih. u &] 
c,d I'rv mill poMtiptrjilivt- v i .; i i Kturc \iliiJliini 

youii" woman. It* -I'mwii In a f b, The lully ;--i n ,■.•■! •-■■«• ■ i • ■ • - ■ 

i 'i 'ih iv.ih rrot rejiiflwd. 



•,!•.! ractttres of lliv Maiitlihutar Angle 
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3.13.1 Transverse Fracture Line Without Dislocation 

:h!',. '■ . i - . 1 1 

'•■ ini'^l.iu- I'txnUon fipOSfiiWll it Hit" j2,0imiU|i|nk-(l<MII 
or six holes: two or ihree screws on ettth side} with 
iii'-HiiiL^rlicallv applied screws, vvlicn necessary urcan.il 

hi • • ■ ptl iht-arciini lite lined tiblnjua, but Ibis kind 

Di fi-x-Ulun ainnnt neutralize all ihu furce-; Ibm m»J 
occur dur i Bg 1 1 1 1 K I ion I Fig s 3, 1 7 1 1 - 4 1 ) . 

I-H"-'- 1 " 11 ' 1 '" infill |l|1 ' i ifduturt i.s better rnanaged 
IttittgtWO AOni in i|i|jli-s..iiH'iiuhu- area ol' the line. mMi 
qua iinti ili<- second ai ilu: Inferior border (Fig* 3. IS). 
Again, the plftW -.lion LI I >>■ fixed with bieofl faulty placed 
n iv'a'.s whenever prj*jjble, In .stronger men it i nigh I Ik 
necessary to usv a IA u DC plate with bicoi nuil www 
tiiallon Hi the inferior border in combination with the 
2.Q miniplure If] I he lensi-in kind area \\'\\\ V.|0). 

■■ Illl| ii ol thi l -'.n r , 1 1 , i, bJiq possible using. 1 j Si ugle 
lag .strew in nntt'roposb -run oblique direction (Fig, t,2Q) 
LI the ho lie is strong and nol osleopomtic. I Ins tedl- 

n iq uo ,i» w n sr, requires <on dderu ble e k | ie nun c« on the 

p-m ui iln. surgeon sum.' iheu \i dnngei cri dbuttantng 
rheinleriur alveolar nerve during drilling .ml i . i j - ; ■ i rtg. 



F!g,3.1B» P b 

a 'Ir.ui'.vi'isi' .ineJi' frttctum Repair v. ilii 1 1 :>, In &£ mi nip! n, 

-'■'■'■ -ii the jttperfcn beitltu nod n fog I nlpl m (Z(t) 

Jl ih. in'- ...i I .n,Jt-r. 
b PttMOp • ill ' i iv l'i. n i. hi <,l [hit ij.:iK.Ji-,l,.L.il..'. I Miii.nil.n 
J'riuliiiv .villi l-.v,. iiiiiuplaleA (2,111 A sJs |loU' pl«tc fol the 
tension band m the auperltn ' ■ ■ " . t ■. • i g im ,i IbuJ-hnle plili al 

I* n'l. mi IimiiK:i Nolu: lln lets I. 'in mh.Ii vtVK I l'i 

- I n'Vr.'.J 



ti ' 1 1 •>. I' i E r 1 Mandibular 1-rattures 




fig. 3.20*, b 

Repair ul u iiontiiaU'caUnl tnHfoveffle preanKtil.u 1 1 a aim 1 
with ont: sinjrk leg *crew 'fh* Ltgacrew croaeathe GrectttM 
me In an nrrierw buccal to pqsstfti ioi lingual direct! 
Clin kill siuialiun a* shown in a, 



Fig. 3. 19a, b 

I i.i I'vvursc angle trad urt*. Uepair with h tour-hole miniplaie 
(1.0) a.s tension band and n fmir-h.ib I 1 1 1 >C plate a1 the 
Inferior bnnler. 

I ''■•• ■ i- 'j = '- • ." ■ ■■-- K ■ i> showing k: fixatiui) oJ a iransvcr.se 
iingl* I'l'iKlUJ' : is iii'linil.jd in a, Strung rniile palicril! 



3.13 J Transverse Fracture Line With Dislocation 

i:Fi K .i.21a) 

This I ypeot iniUu re jdHnvs damage oi the periosteal and 
the pitrygoid/iiwss,e(i, v r 'bandage. 1 ' Interposition of 
muscle libera makes lite reduction mett difficult. In 
Hi' ■-■'.'■ cases a one-plate lixatinn using a U3 niimpliile 
might not be sufficient, An additional 2.U <■■■< 
Fig. J.isa.h) or 2.4 l.t:rn. plat* free % 3J$a,bj is 
placed at die interior border * •! the mandibular angle. 
Siroiiiyr patients require a 2.4 Universal Ptfai lure plate 



1 i 1 lTdc(ures nl tit* Vl,irn|j|mhir-Anjj]4 




• Allele I UL'lure 'Ail Ii r] :-!.<.. alioiL 'I hi' u.i-.. I. ■. 1 1 1 ;• ,-, . > I n r, 
••.' i unj I"' '!',:• in'.'ii.s [Hill-. \h< prWS.tUlU-1 fciljppvnl i r:.i ll i. 
uilv. 

b (ll.sloi-iilfi' - ■ i l • i j I - . i l iv. iii..- . . i I., ,j|| -iiik-.AiHiTlni -iiiper 
tort] loci • n| llirproslln.il lijj : Tii! Ml l-i, i .iii>;. ufili* UlIl 

I....: Hi ill.' ..III-:.. I- I.nr ; ..... |l vimU, 



c I * '■ " rt'dni ihm mil j.i, i|ii,i'i in, ii .,- i i I,,, ii 

iViivinn -'.villi. i linn bit! mtnJpkli i ' n - . hi tutu! .iin I 

I I'. In. ' I 'i| . .|l I 1,1, luir I'll' 

d I'o-itry- i in-.-, v rrtj Ri p«ti i i I I... |, n. 

ITTCfllW "I I ll'iH -I I-i 1 1 1 II ll:||- Ilfi i '.ii , U-IIM,,,! l-.i.inl , 

■ll- J.-l I lllH. tT^lJ I'll*.. Inn. pj l|. ,,,|, l.r ...,, ,|,. m , iMdlll 

• i 14 1 n I. •! ii p] ri ■ 
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Fig. 3.22 >~c 

a A np> fracture with basal triangle, 

h < Ipen reduction and adequate fixation with ulour-hole nuns- 
plate (2,fl) lit I lie r»upt-rU)f buttle r ami an eiphl-hak angu- 
lated 2.4 Universal JYaclure plate. 

c P0si05jcr.il i vt! X-ray of. an nnph- fracti re with basal triaflg|t 
Repair wtth a six-hole mfotlptitte (Z'.Q^Jid in this case a len- 
Imle 2,7 r<v(inMniclion plate, 



3.1 3.3 Angular Fractures With Basal Triangle 

(\%, U2a) 

Ananguiateel2.4 I iniversal Pr.K (nr<- j>J;ik-or,i 2,1 Recon- 
struction Plate with six to eight holes is used ai (he l>i n 
of the mandible, The triangle can either be feed la the 
plate or with lag '.news (2.0 Or 2,4} lo the main frag- 
ments, in ihe tensile area a 2.0 miiriplafc is generally 
u.st'il (Tig- J. 22b, c),As always, care must be taken not in 
place the screws itn 1 < lose u> the- fracture line. If in douhl, 
it is always safer to use a longer plaie. .mil leave the hole 
1 Lose to the Iracturt' line-empty. 
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3.13.4 Comminuted Angular Fractures li!',. s . : . . 1 ; 

mounded Iradures cd the angular area are often 
observed in combination widi other mandibular t rav 
turcs and maxillary fractures. Aftet lemporary lutcr- 
miixJHiiry lixalion all mandibular fractures nuisl be 

• •Mil before th« reduction nnd fixation of the frag 
ments h done. Thi* tan be performed eithvr wdh lag 
Strews H-i,!.'. '■ ' : I ■■ ;i or with 1-5 or 2.0 mnupl.ik:- (•§£« 
Fig. .ii5), Simpler Iradures should be fixed first J n com- 
minuted areas, sulIi aa in Fig. ,V2.| (right angle) and 
Fig tul'S hi lii ••■;! .idapidUoii is performed with mini- 
pinks, and thereafter ths Iractured ftjest is Complete!} 
bridged ■-■. 1 1 1 1 1 1 if stronger 2*4 reconstruction pUi. '••••• 
ondaiy disturtlnn-iol 1I1.' fractal area are pruhihiiedhy 
o.-.ing die. plate holes in 11 ii.ouo.unpre.SMve manner 
(HgS. ! ' I 3,23). Mie lixiitioii uf coexist my sukondylar 
firflCt Iff C-S in i.l u "-k 1 ni'iiiiiures is very impm laol, 



a ComrornUted on tyre Ln Ihelei'l triuriJibuJar isn^i-'-"! hu truc- 
hirc js both lomsveihe and longitudinal, 

b, c Internal fixation of a camTniruJled h-i.lin n', I n 1 h. kit man 
dibuJur angle with a Ug$cra* for ibe longlttulliMiJ fxnettrro 
and an right-bale reconstruction plate C'.'i, bridging the 
comminuted urea. Since it was wide open fracture urn' I t 
•libiilar ii'i \<- well visible, fixation could easily he per- 
ii ■■■■ 1 i.l v. iili die anterior icwNS placed below die nerve and 

llie pi.'-L-.-! |i 'i ..-li",v : - pl.u.eil .jlvn.r tllL' nCf'Vt', 



• u i' I 'i ■. mi ' , iSlundibuliir h'acdnv: 




Fig, 3.24a. b 

■ • ivmin,!.' ;■; iv,y nitci stabilisation ol u pfcrtfcuad imcivic. 
'he vflrnrniiiuii'J Frw tUK ai I lie right niiiriJihul.n snglc mi 
sLihiiiv-i'il wrftb ii ii.ipl.ik". 12$) li^L'cJier wilh n pwsln it! i ny.n 

mI I u lure plan. S st,. .« I iv.nt ion at both tu!> 

iii .lyLii iriKturo wtth I y |jlsrti -, C bliULido ai minl- 

ptntC fixation 1 1. ••,',•.' I h- i With i •■.-•: 1 1 1-. 1 1 i. 1 1 ■ ■ i (iluLe J'ot Uie i. hir 
I rm hire, 
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3.13.5 Comminuted Fractures 

of the Ascending Mandibular Ramus 

J Ills type of Iraclurt: may require fl combined subman 
dibuJar and preauricular approach. The fracture is sim- 
plified by using 2.CI mini plates and Std35?^u*flt bridging 
ii id ilic whole frai (tires I a.bil used bya2.4 Universal l : rac- 
lure plate or 2.4 reo.msii m mm plat* tJFig, fc25>). 



Fiq J25aq 

j CotmttfirJjW d rra> hh, iaflhi wi editing mandibular raajiut 
b Open i » *. i 1 1 1 hHinmd udiiutaiioiuil the ftagiaeittswxthdiflej 

enrminiplnte'j {2.DJ, 
c Siib.M..|iui,i; brldgfalgol llii'iuJiuiiimilctl area with d 2.4 I'm 

versa] Fracture plute, 
d-gdieL-p-igcis. 1 :' 






1 ii. run i VUuuliluikrlVnclurch 




Fig. 3.25 d-g 

Pnopi i.iii'.v "i 'M', '.In' 1 .', ii i innrjiiiiik'J li;KLun:>il .1 e 

.1 ii.'inliii- m ni.;lil'iil..i iiiMir , ,i:. shown In a 

■ " dn | mi in „>!m. .ii n hi ui i.Iil' rr.Kini. ',•, nli wv 

. ' ,il I'lillii ildjiiUiliot'i |i|.i.ri'N (3-0) 

Hrnljj,iii|j;M! iIh.-um.iii ',' . . ■ i ,.i;:.| l i . . •. . ■ i • | hiu 

Hire pliiii' 

'" ■ • | ■■ ■ I .M IV I I-; l IV ,•:•: 'llhllll';.' r| , |.| ; |[;n : | : |, ,|.. i i 

lln ii i-'-.imiIhI |"i, ii 
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Condylar fracture 
High subcondylar fracture 
Low subcondylar fracture 
Fracture at condylar basis 



3.14 Condylar and Subcondylar Fractures 

Definition. As shown in Fig. 3.26, condylar and subcon- 
dylar fractures are classified according to the level of" the 
fracture line (Kbhler 1951). 

In thecase of condylar fractures the fracture line runs 
inside the capsule of the temporomandibular joint. 
These fractures cannot be fixed with plates or screws. 

Subcondylar fractures are situated below the capsule. 
They are classified into high and low condylar fractures 
as well as fractures oJ the basis of the condylar process. 

Fractures on the basis of the condylar process are at 
the level of the bottom of the sigmoid knotch (incisura 
semilunaris). 

Various patterns of dislocation and luxation of the 
proximal fragment are possible. 

For treatment planning both AP projections ami an 
orthopantomogram are mandatory. Generally these 
fractures are closed fractures. 

Special Conditions Influencing Internal Fixation. As a 

rule condylar fractures are treated conservatively, one of 
the reasons being the danger of necrosis of the proximal 
fragment (condylar head). This is due to interruption of 
the vascular supply by denudation during an open- 
reduction procedure. 

Thr decision about the kind of treatment for subcon- 
dylar or fractures at the base of the condylar neck 
depends on several factors. These are: 

• Status ol dentition 

• Degree ol dislocation 

• Condition of the patient 

• Concomitant fractures of the mandible, such as cor- 
pus fractures and bilateral subcondylar fractures 

• Dimaxillary fractures or panfacial fractures. (For 
more precise informal ion about indications for inter- 
nal fixation oj subcondylar fractures, see "References 
and Suggested Reading"] 



Fig. 3.26 

Fracture classification according to Kohler. 



In general, especially nondislocated fractures are treated 
conservatively, as this shows excellent long-term results. 

In the case of a high-grade dislocation or luxation of 
the small fragment* conservative treatment with at least 
2 weeks of intermaxillary fixation or direct or indirect 
extension is possible. However, a reduction of fragments 
is almost never achieved, Therefore in some special 
instances open reduction and internal fixation are desir- 
able. 

Either an intra- or an extraoral approach to the sub- 
condylar area is possible. Using an intraoral approach, 
however, makes the reduction of the fragments and 
especially the application of plates and screws extremely 
difficult. In additiou.il does not allow sufficient supervi- 
sion of the reduction. The extraoral approach is per- 
formed via a submandibular (Risdon) or preauricular 
incision; sometimes the combination of both 
approaches is necessary (see Fig. 2.1). When using the 
preauricular access alone, the necessary extension of the 
fracture exposure for a better reduction and fixation 
may not be possible. Care must be taken not to lacerate 
the frontal branch of the facial nerve when using the pre 
auricular approach, and the marginal branch of the 
facial nerve when using the submandibular approach. 
All procedures are performed under general anesthesia. 



3.14,1 Transverse Fracture Line With Dislocation 

Alter exposing the fracture trom either approach, pull- 
ing the mandibular angle in a caudal direction may facil- 
itate reduction of the dislocated or luxated small frag- 
ments. If necessary, reduction is secured using one or 
two reduction forceps. Fixation of the fracture at (he 
posterior border of the ascending mandibular ramus 
and the condylar process with a four-hole mini-DC plate 
and bi cortical screws. In general, one plate is sufficient. 
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( :.i r i" must hi' taken noi In ijm.- fl |'l.ilr lh,i[ is Ion itiin.i.is 
this in. iy lead fin plate fracture (Hammer 1 99 7 ,i . Resulftl 
ir,iiii|i|,ili !-; th;i1 ;iii.- ordinal \\y used loi ml 1 1 ■> ■ C frfa lures 
mi- run thui- Ir v, also important that iheie is room fel 
' v.. . i bicorhca! . n ..-, . mi each side ol the Iratture 
tf>%, 3.273 

in lully denftfnsd pifiitewM with ti.u iim-. ni the 1 ..i-. 
n! i hi/ 1 <>ndv!ar process, which may alaa beconsn ! 
the ascending ramus, Universal rracturc plates jor su 
bili/atinn ratty he udvisiibl. ! Fig, I .'Hi 



Rfl.JJ7l,J> 

a IjiIi/i ji.iJ Prxnttftt) ol bflitCBdJ low sulnotKlylJi' I rati u res with 

JH mini pi, He:- I,!.0). 

b J'u?.co|'.', itlyj -, my-jiiei adpqitali Itxui 1 hiLurerul h.^ 

'iiil-i. : |.i 1 1 .■ .. 1 1 1 1 ■• a *-■ i ' 1 1 I H uiiinpluU", i .:,!;•; m t-puiii 

LUll r|-iKlUlf£.illlilliull. 
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Fig.3,28a-e 

fl Aik-ijij.il u li>,ur uliitLTiil I nun ire;, m i In- I -.is-i i,:: ihc 

dytiH i - : i m , [kIiii^ nmitifi) In a lull y uVniui-p.l 

i :'- mi: M i.'iiii sk-Me ' i ; 'iH..-.\iiil l ; i Li. tun- plate*. 

M hi- I--I--.I. m. : \ r.-iys i>| |v.Ij!-:-i,iI m.i, -nn i ■• I 

l-.i-i.i-ui the iuruK7,ii pmteW; Fixtttan wi h -' • l ' nv-.-is.il 



I I :i l 1 1 1 r i- mI. ■•;,-. Niv:.: I ht' lli;iliKiJii!ii.:.u V i.-. i ! 1 1 . 00 :|,c (iti-op 
tr.it[\; ': i i-, 11./.. -in'.iv,; plisa-s far rb:ll sjimmoii v.i-i- 
irtdii H.--J I.-.-, ..in.,,- 1 1 . j i I ' i n ■ rcp.iii Inn1 In b* |u.\'l'..i iiil'lI 
' vv..-;i:, niici the jcL-i'.k'in. tfrnter iliesi- circtdriwtBttte* tbi 
tiinsul' i il-:.- >i: iLivtummnsI ht : ml-.-.-i mm .jiuhhil 



' Ih.m.' nil i • Mumlilnilar hYactiiE' ■, 




Fltf-LlSa-d 

A Uulorati-il Jruclurenl ibchoriwjlltol tuiiiu.-uM '.in exln -ni.tv t r d Pfe ,milI |>i-.sl..]ifniiivy X h*j ...I a di*Icn .n.,\l FfilfilH.rftcrf 

' ; '"l l:| - n &0«UbJe iIk- huiraui1.il riiniusiLUiuexi'rcmdv ,u rr,| !!,!,• in,, nlil,;,... 

tt Adcqiiirte liiiiiinn t)l th« i mi lure with .1 £4 tlitlvi-rsal \-nu. I :xa1imi Willi jl bang 2.-1 Uunw.^il i 1 ... i,,n- plate Nate: 

iu3.j |.i ii,- \..ir. •„ r..<.,<, pki oiiu'in in vtcinily or du lr.Ki.im: il»- I, . ;'.i ,i .«r the putndfllto In tb* vlmv jimphk .11™ 1= 

is nol p.:.v:;iii. II, 1,. ■!,.., I, ., ...... m ii : ,| he pkiLctl in . irv.'.l. Uwei lh.ui Ihc wsilih ofrhc plat. 

Mid 1 i 11 .ii.vi, 
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3.15 Fractures ofthe Atrophic Mandible (Fig. 3,29a) 3.16 Infected Fractures (Fig. 3.31) a) 

Definition. An atrophic mandible shows resorption of Definition. Open fractures can generally be regarded as 
the alveolar process. Atrophic edentulous mandibles can contaminated. Since fractures in the dentate area have 
be extremely thin. The muscular forces acting upon the communication with the oral cavity, they are also 
bone are incomparable to dues acting upon dentate regarded as open fractures. 

mandibles. In fractures ol the atrophic and edentulous infections with clinical relevance show swelling, pain, 

mandible functional load must be transmitted by using hyperthermia, reddening and secretion of pus. In the 
astable fixation device. In contrast to dentate mandibles, case of acute infection radiographic signs can be miss- 
tension - neutral - and compression zones are situated big. Chronic cases exhibit the typical signs of osteomye- 
dosety together due to the reduced height of the bone, litis. 
Therefore only one plate can be applied, which should 

counteract the masticatory forces and take over the Special Conditions Influencing Adequate Internal Fixa- 
hmctional load. tion. Instability produces and maintains the infectuous 

In addition to its reduced dimension the quality of process. In thecaseof inappropriate osteosynthesis and 
the edentulous and atrophic mandibular bone must also screw loosening the hardware acts as a foreign body and 
be taken into consideration. Osseous density is fre- must be removed. An osteosynthesis can be Inappropri- 
quently diminished due to osteoporosis. The bone is ate because ol the wrong plate selection (too short, too 
weak and fragile; screws can fail due to stripping of the weak) or loosening of screws. 

bone threads. In very weak bone it is advisable to use the Osteosynthesis of an acutely infected fracture or 

screws without pretapping. pseudarthrosis must be a safe procedure. Under these 

Since atrophy occurs mainly in the area ofthe alveo- conditions absolute immobility is mandatory. Therefore 
lar process and here especially in the lateral horizontal the 2.4 reconstruction system is recommended 
branch, fracture management differs from thai de- (Fig. 3.30). It is important not to place any screws into 
.scribed earlier in this chapter. In some instances screws infected bone. This area must be spared from insertion 
can be placed only in the angular and chin areas. There- of screws. The reconstruction plate acts as a bridging 
fore long plates must often be used. device. Large areas of infected or necrotic bone require 

curettage and immediate cancellous bone grafting. 
Procedure, If available, the prosthesis should also be Antibiotic therapy alone does not eliminate the infec- 

used in edentulous patients for correct establishment of lion as long as the fracture is unstable, 
the intermaxillary relation. The prosthesis can be fixed 
temporarily with wires or screws to the jaw, 

.Since the plates must carry a full functional load, it is 
recommended to use 2.4 Universal Fracture plates 01 
Reconstruction plates. Anterior fractures without com- 
minution can be approached by an intraoral access, 
whereas posterior fractures ofthe horizontal ramus and 
comminuted fractures are subject to an extraoral 
approach. The plate must be long enough so that the 
screws do not need to be placed to very low or thin areas 
0! the mandible (Fig. 3.29). The rule is: The weaker the 
bone, the stronger the plate must be. 

Even if these elderly patients do not wear dentures, 
one should run underestimate the functional load. 
fatigue fractures of miniplates are often observed and 
are therefore not considered for fracture stabilization in 
these instances. 
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Flg,3.J0»-d 
a Acutely infected fracture pi the rmndjbtdw angle,- <S weeks 

,\\u i n i noval Ql an itik'Lk'd wisdom ttJOth 
b Bridging Ol th< inl-.-i led ifGH wilh J 2. -I MCOffiNtTUCtton plotC. 

Notes .scrpwi musl not ht" pltic.l iiim infected boi-.e.Ai k'Mi 

ihri'.. screws m kwI lie used outside litimctiaifid .ir. . 
c AiJet'i mw fixation fcf act i (e\y i I 1 Ic C I ed Ii-lk I are t)f Ui e ma i i..l:l i 

ill. ii .i.npltu .i> shown in b. Simultaneous!) 1 n bone graft was 

placed ui'-' fhe.ej ir 1 '' infected socket, 
d On speekl feqae*t ni I'm' pBtieitf, the plate «tfs removed 4 

months after fixation. Note: complete reossUication, 



3.17 Defect Fractures (Fig. 331 a) 

Definition 

Defect fractures exhibit tofifl of bone in the tract ured 
area, A ''jigsaw \mri\v" reduction and Simplification b) 
2.0 plates is not possible; I lit- only orientation for the 
-.or reel distance of the reCTIaintilg bone slumps is gftfcen 
l'v IMF in ihc caseofa nonfratuircd and dentate max- 
illa: 

1 wen w l i h .so It -tissw defects and when a plate can i )ot 
he covered with soft tissue pciniaiily, live bfone frag- 
merits niusi It stabilised by bridging OSteosyfllhi 
with ii reconstruction (UnfLOGK «>r THORP) | > 1 1 1 ■ : 
fPJg*3.-3 1 h-dand trig.. t.32 1, II is advisable to perform the 
fixation with ftl least three. or ii possible lour, si rewson 
each side Primary bone grafting is performed only 
when Ihe delect area can he closed well with sort tissues. 



jLT? I "I'lf, r I'm*. I ureal- Hu 



Fffl J3lo-d 

a Ddtal iraLiure of thf mandible ui the w«u ol chin .11'.. I e|1 
horiwmtal nimiis, Hiri'Jiin jgfegmctn wilh IhjC tiiri?.oj Il-^iJi in 
taclTcmt'.ly ■t|nt|i>CiHVrl. The ptcnuilurs ,<n- Its! I 

b X-r.iy nl firmvv Min^-.m, 

« I' 1 ' '■'•< pi in.i'X ray Nhowiiii-' broking i^ici>syilLlif?iii.lcir the 
ilert'i:! -iieu wilbii ^1 -li^lr r.-i Miisirucliuia |'l. iir 1 1 1 - 
oj ilieulveoliir ridge in i1.h-i.Iiui area was jtiubiHged with i>n« 

Unscrew. I !*-i.LLi.-,r | iyi ,i ul ,!.■■■.,, i u,..,,. , = i . , i ■ i . . , IV . | I] ; 

mury boni\i,iiilnni- ww nui perftrmpc". 

i ' tn> Ilftei I I i-'i -it I ii ■-;-■. "i i'-H r ■ . ■ . t ■: I - 1 ■ ■ 1 1 . . i . , .i | -ii-., ,i-. well 

I I 'rK'ul tOfrtll c-K-lmeitansJ?: n !,,..• WOl 1- . , 1 1 ■ . 1 |.|ji.: ;.ji:mv,il 

Nowaday I uoi i-!.|n'd.i!.' > - ■ | ■ ■ ■ ' • • I il ■•■■;.. plnl^s ,ire n<H 

leiuuKtl. 
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Fig. 3.32 *-C 

4 Bridging osl^wnilii - witfi .M-holi' lecortstr uUlun pink 
from n ng 1* to migl e aftffl i wide open i lefec I I rac lure of tl lo 
rn.inflibU'.ilin' to u pumJioi lncei n 

b Till' hi i..li!.i Hi' pl-ile.WUS USctI I'M '.l.iI'M. ■•;'.!.•■ hi i I butt linn- 
,-ii ;,.l i;iiiui'i and Chill .iil-j.. Although due Id ihre «fift-ti*(Sfc« 
loss the pklc could i Co I be nwciL'd pr uri.arily, .th^rc wart no 
I' "I'll in ■.-.■ 1 1 : i ii :1'l'i_i ii>n. 

C Hnncur.l icifl ,■ ■ ,i. i- , 1 1 nsl n r v. ;i.-, ivi'linineLl ii. r 



Fig, 3.33 a-e 

fl I 'itiuiiiiii .showbill,' IhI.iIl'Ic'.I h'mIihIiIuiLii t i .<■ I . irr-. ii: a : peas ► 

old "l hi hi. 
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a pLirLiivu-ili,iii fracture iv i I I 'I mil i| I. -.i i ij h ii | i 
comrmnuHtin. 
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3.18 Mandibular Fractures in Children 



References and Suggested Reading 



Definition. Fractures in mandibles of children occur in 
either deciduous dentition, early mixed dentition,or late 
mixed dentition. All types of fractures can occur. 

Special Conditions Influencing Internal Fixation. In early 
childhood the anatomic conditions for internal fixation 
are generally unfavorable due to small dimensions, bone 
weakness, localization of the tooth buds, and inferior 
alveolar nerve. Therefore as a rale mandibular fractures 
in deciduous dentition and early mixed dentition are 
with few exceptions (2.0 miniplates) treated conserva- 
tively. Only in late mixed dentition is the space for appli- 
cation of plates and screws sufficient. Here 2.0 or 2.4 
plates can be used (Fig. 3.33). 

Indications for internal fixation in decidous dentition 
and early mixed dentition are severely dislocated and 
comminuted fractures with or without soft-tissue lacer- 
ation. Another indication for interna! fixation is in men- 
tally retarded children in whom intermaxillary fixation 
is not feasible. Screws are applied monocorlically if 
looih buds or the mental nerve are endangered, and 
there is enough bony substance foi the placement ol a 
screw. Generally, however, titanium screws and plates 
must not necessarily be taken out; removal of osteosyn- 
thesis, materia] in children seems advisable. Research 
results have shown, however, that titanium implants 
most probably do not interfere with the growth of the 
membranous skeletal bones. Due to the appositional 
growth, plates may finally be completely incorporated. 
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4,1 Organization of Treatment in Panfacial Fractures 



Contributor: Paul N.Manson 



4.1.1 Introduction 

In the cast- oJ multiple facial fractures an order of treat- 
ment should he developed. In the past "inside out,""top 
to bottom" or "bottom to top" philosophies have pre- 
vailed, each with its own vigorous proponents |IJ. 
Recently an "outside to inside" management scheme for 
the midface has been proposed emphasizing the zygo- 
matic arch |2|. The exact order of treatment is no! as 
important as the development of a plan which permits 
accuracy of anatomic positioning of the various facial 
segments. Exposure, identification, and fixation of the 
facial buttresses (Fig. 4.1.1a), guarantees best correct 
alignment and stabilization of facial fractures. Because 
o! the face's complexity and multiple parts it is impor- 
tant that an order of facial fracture treatment be devel- 
oped to address I,e Fort (midface) and accompanying 
fractures. Such midface "extended" fractures (combin- 
ing two or more areas) are referred to as "panfacial" frac- 
tures. 

The approach described provides a uniform formal 
for recreating lacial dimensions, and proceeds from 
intact cranial vault and cranial base landmarks through 
the entire anterior pint ion of the face. The treatment of 
all It fori and any associated fractures may be inte- 
grated into this plan, which provides for both simple and 
panfacial injuries of all degrees of complexity. The treat- 
ment plan minimizes extraneous prepping and brings 
order to operative intervention by efficient, sequential 
manipulation. 



4.1.2 Surgical Sequencing of Le Fort Fracture Treatment 

The face is divided into upper and lower halves at the Le 
Fort 1 level (Fig. 4.1.1 b). Each facial half is divided into 
two lacial units. In the lower face are the occlusal and 
mandibular units. The occlusal unit consists of the teeth, 



palate, dentition, and alveolar processes of the maxilla 
and the mandible. The mandibular unit consists of hor- 
izontal and vertical sections. The vertical section 
includes the condyle, ramus, and angle. The horizontal 
section is the body and symphysis and parasymphysis 
areas. 

In the upper face are the frontal and upper midfacial 
units. The frontal unit consists of the most superior 
frontal and temporal bones, the supraorbital rims, ilu 
orbital roofs, and the frontal sinus. The upper midfacial 
unit is composed of the zygomas laterally, the nasoelh- 
moid area centrally, and the interna! portion of the 
orbits bilaterally (Fig. 4. 1.1 c).The upper and lower mid- 
face meet at the Le Fort I level. Each unit is therefore 
divided into sections based on central, lateral and hori- 
zontal and vertical divisions. 

Mid lace fracture treatment is predicated on an accu- 
rate physical examination and on evaluation with a 
thorough computed tomography (CT) scan. Although it 
may seem obvious, patients must have other significant 
injuries evaluated prior to undertaking facial surgery. 
The airway is protected by intubation or tracheostomy. 
The endotracheal tube should either be placed through 
the nose, through a gap in the dentition, behind the 
molar teeth, submentally, or a tracheostomy (possibly 
endoscopically) may be employed. 



4.1.3 Occlusion 

Attention is directed first to the dentition. Arch bars are 
applied to the teeth of the maxilla and the mandible. If 
fractured, the hard palate must be reduced and stabi- 
lized with stable fixation before intermaxillary fixation 
(Fig. 4.1.2; see also Figs. 4.2.6, 4.2.10). One or two mini- 
plates (2.0) are applied in the roof of the mouth and ai 
the piriform aperture. Two-dimensional palate stabil- 
ization of the maxillary dental arch is therefore com- 
pleted. This step sets a template for the correct width ol 
the whole lower face by providing an anatomically 
reduced maxillary arch as a template tor mandibular 
reconstruction. Similarly, alveolar fractures of the man- 
dible may be reduced with small 2.0 or 1.5 plates, or per- 
haps ihe 1.3 or microsystem (Fig. 4.1.3). This step slabi- 
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Fig. 4.1.3 
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4.1.4 Upper Face: The Cfani.il Unit 

front ill bone fiat aire fragments, as icmoved, are 
mat k. id in sequence after exposure is provided by .1 cor- 
onal incision fcee Fig, 2 r >!' Aiiei neurosurgical explors- 
m mi any remaining mucosa oj the fnuhirr involved 
frontal ,ind ethmoid sinuses is. removed. The Irontal 
smus is obliterated or iKinulimi depending uti [he 
presence Of absence o! a relatively intact posterior wall 
(see SecLTl.ht.Oblilerativesinusarida'uuiul base hone 
grafting must be complete to eliminate (he sinus cavity 
and isolate (he no.se from | lit- intracranial cavity. The 
frontal bar is reconstructed and the anterior sinus wall 
reassembled. The lower section ol the supraorbital rim 
and lower anterior frontal ?fow& form the "frontal bar" 

(fie,, -1, 1 ,4aJ, and Lhis provide*; the interior Stable lam I 
mark in frontal hone reconstruction. Temporal bone 
alignment must be eon eel in narrowness (fncral width) 
and length through ihe anterior cranial lossa to ensure 
proper projection ol the troolal bar (Tig- 1. 1. 1 hi 

1 ruing tin Gonial bat and min.. i superior cranial will 
Lj guides, flu- remainder nf llu- frontal bone segments 
.are assembled and checked for symmetry. The frontal 
vault segments may need expansion for proper contour, 
assessed for Symmetry with both sides. Hone fragments, 
i n i t iall y 1 1 1 iked w 1 1 h wire s o 1 sin n 1 1 p 1 . 1 1 es a nd Cera WS F flW 
then stabilized 10 , nil.',, nit intact bun, . The initial Inui- 
tal bane assembly may he performed on 11 hack table 
white neurosurgery is in progress 

Urbital rool reconstruction is Ihen completed hv 
either replacement nr bone grafts as requited, mid tool 
reconslrm iron stahi'iyed to the Irontal bar ll'ig. -I, Mc) 
and placed in u largely extniorbihil position. Care Jim 1 
be taken to stabilize the orbilal roof fragments In ana- 
tomic position and not to "overgrall" | be .superiorly 
Itching orbilal root" loo far interior by utilizing mil 01 
inliaorbitally placed bone which produces a downward 
and forward deformity ol e.i. rbe position (see Sect, -1. % \ 



li'/.esdentitiiiri. Alginate impressions of the dentil ion are 
obtained and aid 111 the preparation of modekor splint* 
thai key .my remaining Iractiues for an accurate reduc- 
tion* Thf patient is then placed m iniermaxillnry Jixa 

The occlusal iclaliouship obtained is I ben com 

pared to the ideal as determined from an analysis ol 
dental models. In patients who are edentulous or pai 
lially edentulous il \i necessary to use the original den 
lures for intermaxillary fixation £gee Fig. 4.1.N), Spei nil 
attention should be paid tu the presence ol subcoridylar 
lin. tures.Jl present, they may lead to errors in I be trans- 
verse or vertical dimension. 

Preinjury photographs can be helpful in establi slime 
the facial dimensions lo be achieved, tlu.-y afeo docu- 
ment preexisting facial asymmetry. 



4.1.5 Upper Midfacial Unit 

Initially all fragments ol the orbital rims including Ihe 
superior, lateral, inferior. and medial segments arc 
linked with mterintgment wires. In the upper midfn. 1.1I 
unit the nasoethmoidal area is reduced first as it is 
important to secure a narrow inteicanlhnl distance by 
lightening ihe iransnasiil wire (Fig. •IJ.!i>, This -step is 
Ihe mosl Important procedure in nasoethmoidal 1 >a v 
Hue reduction, us the wire links one medial orbital rim 
In the olher. The nasoethmoidal area, redureul with 
intftfragmeiH and Iransnastil wire.-., \* then linked 
superiorly to ihe fronlal bar reconstruction and Inlen- 
orlylnihemaxillaiv alvnilu.-. with, (tab It fixations tech- 
nique called "junctional" rigid ir.aiion fsec- Pig. 4,1.5). 
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Tht ]ia.M:H'lhmrjtd.i! ju-d sIhujUI be reduced lirsr Uy a tnaww) 
•:4i] reduction ol iJie medial orbital idris performed superior 
,md posterior to the lacrimal fossa. I umally, all bone Crtgmenw 
in tli. in:.-.. itLlmimdii] urea i an Lit Itnlwd with wires, junctional 
i in l'l e iis-diion titan stabilizes the asaSmblctl nasoetltTOntda] 
Ulllt tu tin- tranra? bone superiorly, ti> llie ta&rioT orbital nm 

{midfuce plfliB) 1 1 ... -i 1 1 ■ jaded) ,nnl ilk- jiynform imerlure 

illlefinrly, 



Thus Step stabilizes |imiecticm of foe nasoethmoidal 
complex; lie I'nrl I level and orbilal rim fixation «ta'faili?e 
the lower projection. Mutes extending along the medial 
otbilal rim anterkn to the- tanthal liganu m prbduci n 
unnalurul iliakness and should be/avoided 

Stable fixation ol Ihe zygoma lupins by e&pojsiiig.aU 
articulalions of iln &ffpnta ivith adjucenl bones (see 

I n',- '1-4, i .1. These are the /ygomaticofronial suture, the 
inferior orbital rim, the zygomaticomaxillary butlress., 
thezvtvunau. arch and the Lit.r.iJ and interior Interna] 
orbit. I lacing wires in til* zygoma! ku fro n I al suture and 
the Inferior orbitul rim provides" initial positioning of 
the /ygomn (Tig, 1,1.6). the 'zygomaticomaxillary but 

I I ess is visualized to confirm approx in nitc position. Mfie v i 
the areh is reduced beginning with the inUui segment 
posteriorly, holding the anterior surds segmen Is in a rial 
redutlion which ..'mpliasizes the anlerior projection ol 
the /yyoiru-i. It' the mosl posterior fracture in the zygo- 
matic arch Is oriented sagittalfy, a lag or tandem screw 
nvhrhque vlnmld be used,, or perhaps the superior 
a.spi.-i i of.tbc glenoid fos.sa plated (see 1%, -lAfc, i users 4 
and 5), A 2.0 midlace plate is placed nvei the reman in iu 
arch segment:,, before arch Tedutlion is begun, the: 
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a huiijl ji'i^nnitni .;■/ the tftp m Is aditewwl by positioning fj 

its Jive |-.£-r jptsti al .irliuiulatLons- I'Os-il i. .in m; '.■■ u ! .n. pluced 
n( ih^/yiKiinalled'ronlut suture, the inlurior-orbilul rim .and 
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zygoma ai ihe inlerior Orbtlal rim and hi die lateral 
orbit, musl he checked lur alignment, especially til iiu 
naso-arbftal ethmoid, iJ segment (see Sects. 13, A.5). 

The y.yguma is then sUihili/ed with 9 r 1 1 i •- 1 1 ■ i • i Qt 1.J 
plate at Ihe jnferior.orbfial rim in panfaciaJ fructnresas 
the n.te ol a microplau- in this region is doUO&fctatl fat 
cases in which na.mifihinoid aupporl \a lo.sl i.. 
Fig. -1.1.5). When mulliplesegnienlsoJ thcintVrio) nrl 
tal rnri are presc-ni, I In- segmenl.s .ire initially linked with 
inter fragment felres or with smaller microplatrs with 
one base screw in each >iegment, They sliould ihtn be 
held superiorly and anteriorly .t.s stable uxutiun a com- 
pleted, The xygotnatkotrontal suiore is ihen reduced 
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Willi a midface plale alter the inferior orbiial rim is 
related anteriorly. Pnepei zygomatic reduction can be 

mmed only by simultaneously visualizing mulliple 

areas ol allgnflretl! with adjacent bones. Aftei vi.ibilizii- 
tion oi' the orbital lim is completer, the infeimi orbit 
rnusr be. reconstructed wills spHl cranial, rib, or iliac 
i i«>;l grails, Stable posterior bone'lediu" ',11c ideiilitiod 
medially, laterally, and interiorly. Rone grails should 
I'hsn be strutted between ihe reconstructed rim and ihe 
stable posterior ledges, completing the rt'ductiim of (ho 
internal orbil and, in ,so doing, tbe upper midface. II 
desired, Ihe bone grafts may In 1 .stabilized behind the 
nrhilal rim wrlh niiniplafes or screws. 



4.1.6 Lower Face 



Al first intermaxillary fixation in tlu- patient's regular 
(?i • liisiini is performed (.see Chap, &)* l : ra<, lores in the 
hormnUul pcj| linn ol Ihe mandible are exposed through 
intraoral pi L-xirunral inri.si--.ns (see Pigs. 1. 1 24*1 and, ii 
iieeessniy tot primary and temporal y approximation, 
linked with interfragmenl wire.s, Com minuted fraeluri". 
can idso be simplified with muiiplatex, Internal fixation 
: p. .: h.j med allowing ill least lhrec screw:-, kn each frag- 
ment, The occlusion is cheeked before and after both I be 
wire arid plate reduction, After the initial wire reducln cm , 
adjustments in bone position are made, ami Stable plate 
fixation is complex! in Hie horizontal mandibular seg- 
ment Simple angle fractures may be reduced I h rough 
intraoral incisions. Complicated angle' fractures, are 
more easily reduced wilh extraoral appiuaehes. The 
width ol ihe mandible, is .supervised by using the aiu- 
torrucalfy reduced maxillary aich and denial inclination 
Miides to prevent rotation and excessive width at ibe 
angles, Ihe lingual cor lex oi' ihe mandible is not rou- 
tinely visualized in fracture reduclion; the fracture 
lends 1o gap il complete approximation of the entire 
thickness of the inaudible fracture surfaces is nol 
Eli I ni ".-ixl. I here is a tendency <m parasympbysis Irac 
tines in combination wilh bilateral subiondylar Irac 
luu's'l for Ibe bicondylar width to be roo wide and to 
have an excessive width and flaring al the mandibular 
angles. The lateral mandibular dentil ion tends to rotate 
Hilguully arid lo "flare" al the angle increasing ihe lower 
facial width M'ig.-U 7). 

Open reduction of the vertii ,i! I ramus and condylar) 
segin hi &i il.:' mandible is required if significant mal 
alignment or overlapping "I ramus orsubcondylar fmc- 
itues exists. Condylai lutid dislocation produces ,i loss 
id ramus height which may change la. ial dimensions, 
complicating ihe treatment of mull i ply luUured 
patients, t .ondylar dish nut ion in the presence of a louse 
Lc Fori fracture- is an indication lor open reduction tti 
.stabilize the heighl ot the ramus and the forward proi- 1 
lion of ihe mandible, Depending on the location of ihe 




Fig, 4.1 ,7 a, b 

as tii, proper width ol ihe mandible wadiieyed, fracture* in 

i i: anterior syrnnliysis.'p-.ioi' | • . ■ si.-. urea lend I o "gap" on 

their buccal sari,:... 

i H insulin -" i -. ■: ■ r 1 1 ■-, 1 1. >i-, pi iimuhbuliir widlh is nbuined, 
thelVn, rii i r - rrtCni appear 10 beta Kductitrn nn|liehiniliJ*ur- 
l.icf ii nte riot I yd Jul iidually there is ;sn excessive wtdlh Jl I be 
angles allowing the Intend mandihulur segment. 1 , to ro ■■'■■ 
lingiully, tipping the dentil Ion, clearing an np,'ii bin- by 
bringing the Ihlgoai lUld palatal cusps oul of altgnrtWHl 

b Sitiialhmas Inahnt wii'i Coctosl lis.it con >M the thin tiiicrure 
by menos <>| a correctly henl n-conMnirikin | I 



Iraclure ol Ihe rainus, exposure is performed via eitlier 
a preauricular or n klsdon miision. In questionable 
cases the racial nerve is besl ideiititn.il and protected. 
Ihe lemponnuaiulibnliir ioint is examined al ihe lime of 
open reduction ihiouyb a preauricular Incision and 
iMi'niscus injury is assessed and lomvled. The use of a 
temporoparietal "'•"'P ' s indicated if ihe meniscus is 
destroyed, kemnistrimiun ol Ihe ramus pfKcdw the 
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horizontal mandible and stabilizes it in proper position ation point, and the plates may (hen need to be removed 
in relation to the cranial base (projection). Open reduc- before a denture can be tolerated. Proper maxillary pro- 
tion assists in supervising facial width at mandibular jection is confirmed only by relating the maxillary and 
angles, mandibular alveolar ridges with temporary splints and 

dentures. Maxillary buttress reconstruction is therefore 
a guide for maxillary height, but not projection. 



4.1.7 Linking the Upper and Lower Face 



The lower and the upper facial units are then united at 4.1.9 Soft Tissue 
the Le Fort 1 level by plating the four anterior maxillary 

buttresses (see Fig. 4.1.3). Midface height and facial Current facial fracture reduction schemes emphasize 

length are set by using an intact or an anatomically complete deglovingol all bones by detaching soft tissue 

reconstructed buttress as a guide. One or more but- and incising fascial layers. It is important when closing 

tresses can almost always bereconslrucled anatomically incisions to close or reposition attachments to the reus 

by piecing together existing fragments. In the absence of sembled craniofacial skeleton. Generally this is the best 

a reconstructed buttress, lip-tooth position provides the performed by first closing I he periosteum. The areas for 

best clue to facial height. Old photographs may suggest periosteal closure are the xygo ma I ieo frontal suture, 

the correct lip-tooth relationship. inferior orbital rim, medial and lateral canlhus areas, 

The Le Fort I level fixation of the nasomaxillary but- periosteum over the frontal process of the zygoma, mus- 

tress is the third area in which nasoethmoidal projection cular layers of the gingival buccal sulcus and mandibu- 

is stabilized. The other two areas are the frontal bar and lar incisions, and incision in the temporal fascia for 

interior orbital rim. zygomatic arch exposure. Marking the edges of the per 

Buttress bone gaps exceeding 5 mm are grafted for io Steal incisions with sutures allows precise identifica- 

bolh functional and esthetic reasons. It is currently our lion al the end of the case for periosteal closure. These 

recommendation to bone graft defects in the anterior areas are illustrated in Fig. 4. J. 9. 

sinus wall (see Fig. '1. 1. 5) as this prevents prolapse of salt This approach emphasizes multiple areas of align 

tissue into the sinuses. Nasal bone grafting to improve ment for each fractured bone with the possibility of 

the height in the nose or to smooth the dorsal nasal con- initial wire and final stable fixation. The important 

tour completes tlu- facial reconstruction (see Figs. 4. 1. 5, dimension is facial width. Control of facial width 

4.2.5b,d). Nasal bone grafting is performed most accu- involves dissection lo established cranial base land- 

rately after the nasomaxillary buttress reconstruction marks; supervision of facial width in fact reciprocally 

and anterior nasal spine stabilization of the septum have emphasizes facial projection. Control of facial width is 

been completed. If the medial canthal ligaments have the most important first step in injury restoratiu 11 and is 

been detached, ihey should be reattached following possible only with extended approaches, 
bone grafting of the medial orbit and nose to a separate 

set of transnasal wires placed before the nasoethmoidal 

reduction is completed. These are passed transnasally 4.1.10 Soft-Tissue Injury 
posterior and superior to the lacrimal fossa and pulled 

tight just prior to closure of incisions (see Sect. 43; The fundamental challenge in facial fracture treatment 

Figs. 4.1.5,4.3.3b, 4.3.4b). is restoring the preinjury facial appearance and not smi 

ply linking together edges of bone al fractures. Defor- 
mity following facial fractures results from both sofl-tis- 



4.1,8 Edentulous Fractures sue changes and from bone malalignment. Deformity of 

both bono and soil tissue significantly increases in the 

In edentulous maxillary fracture treatment ihere is a presence of highly comminuted fractures, especially 

tendency to avoid intermaxillary fixation and merely when they involve the upper midfacial and orbital areas, 

align the four anterior maxillary buttresses. This tech- The contribution oJ blunt .soft-tissue injury and soft tis 

nique may overlook posterior displacement of the max- sue contracture to residual facial deformity has not been 

ilia despite what appears to be satisfactory alignment of emphasized in the literature on facial fracture. Contused 

the anterior maxillary buttresses as the maxilla is not soft tissue heals with a network of internal scaring 

related in anteroposterior dimensions to a properly whose configuration is dictated by the position of the 

positioned mandible. If available, the original dentures underlying bone fragments. When soft tissue heals over 

ol the patient provide correct intermaxillary fixation malreduced fractures, shrinkage and contracture of the 

(Fig. 4.1.8). If broken, these dentures may be repaired soli tissue envelope occur. Scarring and internal rigid- 

lirsi. Plate and screw fixation in an edentulous maxilla ity occur in the pattern of the unreduced bone segments, 

mayrequire the use of alveolar bone as a stable lower fix- The internal scaring thickens soft tissue, opposing res- 
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In eieirtuJtrop mtaMaty Iniuuri: irv.iimrnt ilnere is u Eiinlim;, 
!'■• I'.-'Hii , nt. irmmdlkcy fixstwyn and meaty to align the ftnu 
untcrjtK miwillnry buttresses. This letJinluue lunJs In result in 

I'"'!' iJ-.pl.i. eirvnl ijffhc nuxilla despik iipp^ro itl uliun- 

mt'HUil the anterior r.i i mI l K j Imiii-.'sSfH AS the tiutxdkiy den- 
iil 1 1 • li ts mil lirouyhl into proper wttcriar/floittfi lor rduimn- 
ihip by pas il inning tl to u properly positioned wundihli'. 



Mi'JiJLc I rue lure of iin edentulous patient xv i i I > l&hAxy&sefA 

midliKe in posw im caudal direction. 

Same, FrWCture as in 1 idler cnrrrrt reduction with correct 

iij-i n:l .i iiil.nrLUXJlJ.il:>' liKiilicm with th* t-'UlK'nt's pm>i li,- -,;., 

and fixation witJi iinnipl,.!! i ■ ■< mtd 1,5), 

Mxiitiuii <>t d l.e Port l foactma wiili n- ii' i| i.itc and hunt 

I'.i.t!',, using i hi 1 pink-inn deniurw Jbr comet nOgnnMH 



M9fi < iia v i rir 4 ■ i rani niacin I Fracture* 




mi .uion of the pr fin |u i y .appearance, even il the under- 
lyirjg bone is> hnally replaced ink* its proper anatomic 
position, Example;; of soli I issue rigidity uteornpanying 
malredm nl ffa< inn: 1 , include iJic- cnndiliotw ofttflCFph- 
thalmos, medial canthal ligament malposiiion, dun I 
palpebral fissure, rounded canilius, and interiorly dis- 
plumed malar soil tissue pad.Secondtiry management o J." 
any one ul tfoi ■■'• i Glttii lions is more chal J enj> inland less 
ellectivc than is primary rt-eoiUi I ruction. A unique 
oppurlunity thus exists in immediate 1'raetnre manage 
ineril in maintain expansion and position oflhti sol'l-lis- 
SUe envelope ami delernmn- Ml. geometry of soil tissue 
Id no* is by providing an nnut'omiLiiUy aligned fecial 
skeleton a*suppoM. F&cvllenl restoration of appearance 
result;* irom primary soli-i iffljuc posilionin^. 



Fit. #.1 & 

to i hni in;' .hi. I reftxsl I •■"! rl ■•■nes to dieisMcKHi shmild 

uuirin im e&ch liicLsiun. rht areajal d*mw? arc ijiaprannned 
and indudi' the temporal ia.'»ci.a, the frontal irnacnkturc., the 
. . .,' 'nifiikotrontaI.suluie,|lhi;pt;rii?sii , iimi.H''ii ihe Hernial pjj«- 
.'. of the zygujiiii), ihu tn&rioi orbital rim mud ihc irujuculiir 
layers of the in I mural inclsim: Et oxutkui «il tin.- media] nnd 
Literal ciinlhnl lipomnntft oamuletes die i-llit ti n, n.ni. 



4-1 • Organization of Treatment in Panfaeial Fractures 107 






4.1 .1 1 The "Double Insult'' to Soft Tissue 

Delayed reconstruction of facial fractures at 7-14 days 
post injury results in a second sofl-l issue injury by dis- 
section and incisions in healing areas of contusion and 
hemorrhage. Two injuries are created: the initial injury 
and the surgical manipulation. Delayed treatment 
creates a "double insult" to ihe already contused and 
damaged soft tissue. This is especially harmful, causing 
subcutaneous fibrosis. The skin, following delayed facial 
fracture repairs, is more thickened, rigid, lusterless, red- 
dened, hyperpigmented, and fibrotic than skin from 
early injury repairs where the initial contusions, frac- 
tures, incisions, and dissection are all part of a single 
soft-tissue injury and recovery. 

Accurate skeletal reconstruction requires anatomic 
assembly and stabilization of the basic configuration of 
the bone buttresses. Missingor unstable bone fragments 
should be replaced with bone grafts and the existing 
skeletal framework expanded with bone grafts, where 
required. The thorough reconnection of all buttress 
fragments must proceed from intact bone to intact bone 
and must be complete and accurate in three dimensions 
throughout the entire area of injury. Conceptualizing 
each unit of the facial skeleton in three dimensions and 
emphasizing supervision of width, restoration of projec- 
tion and correction of the facial height in each unit 
allows assembly of the whole skeleton based on a con- 
ceptually precise framework for bone reconstruction. 
Performing the bone reconstruction early in compli- 
cated facial injuries allows the most natural restoration 
of the preinjury appearance to be determined by the 
combined relationship of bone and soft tissue. 
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4.2 Le Fort I — 1 1 1 Fractures 

Contributors: Lower Midface (Le Fori I) 
Christopher R.Forrest 
John H.Phil lips 
Upper Midface (Le Fort 11+ III] 

loach im Prein 



4.2.1 Lower Midface (Le Fort I) 

4.2.1.1 Anatomy 

The midface consists of the paired maxillae, palatine 
bones, and medial and lateral pterygoid processes of the 
sphenoid bone. It acts as a link between the cranial base 
arid the occlusal plane and provides protection in an 
anterior-posterior plane for the face, protection for the 
skull base, and a site for muscle and ligament attach- 
ments. 

Anatomic support lor the midface is provided 
through a series of buttresses or struts thai are used lo 
distribute masticatory forces from the teeth to the skull 
base (Sicher and DeBrul 1970; Manson el al. 1980; Gruss 
and Mackinnon 1986). Buttresses exist in the horizontal 
and coronal planes (Gentry et al. 1983; see Fig. 4.1.1 a), 
but the vertical struts of the midface are clinically most 
important with respect to the management of midl.it c- 
fractures. Although these vertical buttresses are quite 
strong in the sense of vertically directed stresses, they 
are unable lo withstand equivalent forces directed in a 
transverse plane, 

The three principle vertical buttresses of the maxilla 
consist of (Fig. 4.2.1 ): 

• The nasomaxillary (medial) buttress which extends 
from the cuspid and anterior porlion of the maxillary 
alveolus along the pyriform aperture, the medial side 
of the orbit through ihe anterior lacrimal crest, and 
the nasal process ol the maxilla lo ihe superior orbi- 
tal rim and nasoethmoid region. 

• The zygomaticomaxillary (lateral) buttress extends 
from the maxillary alveolus above the anterior molar 



to the zygomatic process of the frontal bone and lat- 
erally to the zygomatic arch 
• The pterygomaxillary (posterior) buttress which 

.u laches the maxilla posteriorly to the pterygoid 
plates of the sphenoid bone, 

The posterior support of the maxilla is derived from the 
pterygoid plates, while Ihe anterior support comes from 
I he medial and lateral anterior buttresses. Anatomic 
alignment and fixation of the medial and lateral but- 
tresses is important in achieving anatomic reduction of 
the maxilla in relation to the cranial base and to restore 
proper vertical height and horizontal projection 
(Fig. 4.2.1). 



4.2,1.2 Classification 

Maxillary fractures have traditionally been classified 
according to lines of fracture based on anatomic lines of 
weakness as described by Rene Le Tort in 1901, as fol- 
lows: 

• Le Fort I fracture (Fig. 4.2.2): low horizontal fracture 
with disrupture of ihe loolh-bearing section of ihe 
maxilla 

• Le Fori 1 1 fracture ( Fig. 4.2.3 a): triangular or pyram- 
idal central midface fracture 

• Le Fori III fracture (Fig. 4.2.4): high horizontal frac- 
ture alongside the junction between the cranial and 
facial skeleton. 

Although this provides a uniform method lo describe 
the general level of Ihe major fracture line and allows 
references regarding the probable points of stability 
required in surgical treatment, these classic patterns are 
rarely encountered in clinical practice. In addition, this 
classification scheme does not incorporate vertical or 
segmental alveolar fractures or the issues of comminu- 
tion or bone loss. Manson (1986) has elaborated on ihe 
Le Fort classification lo take these issues into account! 
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I rarizoitraJ 

- K-.iriukviHar feafettUBs 

Ut 1'itn I (Ir-Jiisvcrst. (.ULiiJii lr,tdure* 

- Ifi Port II (pyramidal) frdutm 

be l-nrl III UriiniuLv tflj djftjiiiietiem) I rati lire* 
Vertical Isagirml) 
Meih^l palatal split 

Lateral palatal I maxillary lubfttwilyi split 



Fig, 4,2.1 

PLtgBUH '■•: mrLHillurv Im . :i .,-.-■•., r .lluivmp anterior iruxiliVy 

bttttrMS rmudial; 0); Intend b ittrtiM (Kj^omn lumllury; 

®l, pi, ! y'vnin.mli;!! y buttress | posts mr; '©I, 'I hrv,.- reprcsurrl 
:i"ir. hi il,:, I;,, | MM|L . Ji-sip % nerl Ui pKfyide Mipporl l'i>r ihi- 
"•' ■: JIil an I hi' vet HujI dim. n .hi 
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4.2.3 a 



Flij. 4.2.2 

I e Foil I tV.u'ture- 



Fig. 4.2.3 d,b 

De Port II fracture. 

1 Typical poslmi-iaudal dislocation wilh opcii l>i Lc- 
b <.ii*rrutL interim] fixation with 2.0 I .-plates far tha* lateral- wr- 
ikal buttresses, 1.3 adaption plate infraorbiially and foi thi 
nasoethmoidal region, ffljershowing fixation wiili one LO Y- 
place instead nl Iwu 1.3 mini plulcs 



1 1 ' i C ! h a i • r I-, p i -) Cran iota*, i nl Fnu. lim-a 




4.2.3 a 



Flg.4J.2- 

lie Fori I Jr<irt in 



f\q.4,2.it>,b 

1 1 Fori If Ij .iciuro. 

a Typical [loskTo-ciiiiiiil dislocation with open bite, 
b GJotrecl iiiu-rn.il fixation with 2.0 L phuxn tor i hi Lilfml-vw 
lital buttresses, 1.3 adaption plate bifeiwrtrttallyaftd lor the 
i in'- ii.'"ImiiuIiIliI ttgimUnsui sfiowmg .ffawtfon with nut .' I i 
plftfeffiitefld of "twti I. .S mini | ,ii. 
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U Fi>tt 111 IimcIii rt- witli |>Uhti.-!u ujtiddl disk' ii a ill 

i mi itpen bite. 
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4.2.1.3 
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I 'ru diagnosis ol rnidiace Iractures is usually madt- i lin 
ically, alihough this may be more dilficuh if the maxilla 
fracture ii incomplete or Impacted, Clinical sign., nj 
Mlaleral etvhymosis, edema invulvin^ the midnnx-.and 
orbits should iilcrl the clinician «i examine the patieiU 
for maloc* liisiun» maxillary mobility, and missing teeth. 
Digital examination of the hard palate may reveal evi- 
dence nl a sa^iiuif or maxillary tuberosity fracture, Res 
ukuioti o| fecial swelling may reveal i-longation ("equiiu- 
Gttiei ':■ mi ltatUriimg(^ishfat«,'Ve^%, UiSaicJrfsl the 
midfacedue to maxillary displacement, Dorsal and cay 
i la I pull by |Ik- medial pterygoid muscles may produce 
an anierjiu open hifeand tendency toelass lit malocclu- 
sion (hij 4&5a,i ), Sagittal p.il.iul fractures may result 
in lateral rotation and superior tfltuYg of I Ik- maxillary 
strgmenls, producing increased transverse width ol the 
1 1 -;: illary an h with cross-bite (Pig. 4.2.6), 



I j Lr I tort l-Ill f-im-turen. 



\\.\ 




Fig. 4,2.5 *d 

1 1 •.,'•, nun <.liov,uiLMl,irsii,l ,irnl t.uniil p-uITby tlu' media] p.tef 
ygotJ miificU:.-. k. |irui!n, r en] interior open bite and ton 
djoey to .hiss 111 mai occlusion. 
Piajaxam uftei fixniioti oJ En&btK suumion jx shewn in 

I ip.l ,' L i.i, 11.. hiding llu' rcciinst ruction of I he nasal donoini 

i ■ ■ 1 1 1 1 j bone gm It. 

I. .Html Lcphiilnp.rjirn "ihowiny, dor ill i n idnl i,t i.slucm lag ol 

in dfa'ee in Le Port III featftutc B&uatftin. Note: key tttea at 

lygpntatli .m fa fi i 

I .literal ccphnlu^iuiit utter fcpos-ilmn iimi tot reel stubili /.il- 
licit 4 ■ I Le Purl 111 arid I Bractumit, .Sole: !iltihiIii'.rftKin with 
miniutLiplioii piiile ,il zyf.sirn.il ir nirli ,irv,i mid inmncilljllo 

rCtnilHI ,1. In. i il II., fa] I hi;.;. -.Villi ,1 In'.! |i' emit ,1'P.I '.Ijhlll^l 

1>Ori ivllll l.i;;.:.. h. W3, 
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Fig. 4.2.6 

Diagram showing Le Fort I ffftctwru and paramedian esgi 
I 1 .ii.iinl fracture on die lulifadr witfc lateral rntatkm ami super- 
ior idling ol tnaxilUri. sfiginehlii 



I 'li-in ,i I diagnosis. .t .1 iii.uilhjry fracture may Ik 1 ..mi 
firmed u$ng pi inn facial radiograph*, and especially ihc 
water's view- The latter projection given die besi fafor- 
1 1 1 1 1 1 1 1 1 1 1 I i 1 1 ut mid la eiu I St r u c t u re.-, .So m rwr, 5- rn m axial 
CT iiti.jj.;t'.s provide the best means ol visualizing the 
rr.o. ture paJU'tms, degree trf tomminulion, and hone 
lo:-.'.. In severe fracture situations three-dimensional 1 I 
image* may provide addilional inJormation regarding 
diaplacemeftl ol Ike rntdface in relation lo the mandible 
and orbits but should In- ii-,ed to satisfy clinical impres- 
'H'M.s, With chipped or missing teetb a chv^l film .should 
be -.blamed to rule out Hspl ration. 



4.2.1.4 LeFort (Fractures 

In I f*6G t'Jncri n described -j pattern of maxilbi r > 1 1 MC I is re 
which has Mill' ...■queruJv- become more Commonly 
tektted to afl ilu- l.e Fori I bad ore (sue l-'ig. 44-2), The 
line of Ihe fracture ex lends tran.sver.sely above I he tooih 
H"'h- iliinirgh the maxill.iry *inus and nasal leptum, 
posteriorly m ro.ss the pyramidal pmtes.s ol the palatine 
hone and pterygoid process of the sphuiK rid hone, 

The primary u.im.s ol Ireatment ufte lint J maxillary 
fractures are the restoration oft orrectmidfacia] vertical 
height and anterior projection and restoration of mdu- 
shm. 

Treatment 

1. -Syslemalic radiographic;! I evaluation ol llie extent 

and pal I enrol injury, \ iirnes includinr, I I. 

Restoration of original occlusion using mandihuln 

auxiliary hxati- 0! 
3. I'm..-. : . sposureof all Involved Iractures, 
•1. Redu.JuHi ,ord anatoniiL realignment of th* mJBfril 

lary buttresses lo reestablish cioi mal maxillnrnamhli 
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Fig. 4.3.7 

I flagrant •.. Jj i > w 1 1 1 1^ luVal infeninl Iw.nura qi fan Fort] itjditre 
will) V .irnl L nn rtp Hi I .tiilfiinr ,4111 1 |ft'«ikl Luiiln: 
Ki>ti'!'Toinjni|:iiry IMF it) correct tfisi li..,,un ,li ifirig surgpjy, 



ulftf and nModttg ^ouialictttprbltutl relationships to 
1 <w normal maxillary lu'i^hi, .inieriar projection 

1 1 ir;vri .:■ width, and oedusiou, 

5i Inlemal fixation (osteosynthesis) using uimiplate 
and screw fixation. ( hg. 4,2.7). 

6, Ujhj <>l primary hone grafts to reconstruct and .stabi- 
lize comminuted bibsenll maxillary Impresses to 
prevcni rnidtafe collapS* or elongation (Ffg& 4 L5 

rht- initial Ireatmenl 61 midface iraclures incorporates 
1 1 general prmdpU\s o( trauma manftgeraenl and 
indudca esiablishmeni .mil maintenance of airway, 
super visit hi nr hmmu rh.igc, im'esligaiioii.and umtiagc- 
men I at as'sot fated injuries- (ctrvii ,<l spine, neurological 
injury, L'Lt.l.Hlffdini' imiii ihe greater palatine or inter 
m il maxillary arteries may he life ilireak-mng and may 



require «- ltr |y maxillan, reduction and interm.ixJll.M y 
iiioji, indudiiiganierior and pi islei'ior nasal packing. 
Surgical ire.irim-iil of Le Fori I Itaiiiin-, should he 
performed as lOOn is possible, i. -i-iur.il mat hygiene i.-, 
adininisteredthroughoiil the treatment period. Pel, r ; □] 
surgical treatment for inou- llnm 7 days rn.iy result in 
difficulty in reducing the maxilla from its retruded posi 
tiora due lo bony fragment impaction ami Boft-tiisnt 
contraction. 

Airway Management. Airway mnjiai'ejtieiit during sur 
i:.i TV may he ideally secured using a reinforced n.isoit r i- 
du-al tithe sewn to the membranous nana! a'eptuim'fhi.s 
allows adequate exposure and Jacilitak's application of 
intermaxillary fixation. However, severe swelling, nasal 
mucosal disruption, .i.-,mu i;i i i-t! basal skull fraciiu . , i tJ 
may prevent placement of a n asm radical lube, in cases 
ot an isolated maxillary Iracture 1 lie endotracheal lube 
may Ik- secured to a rook I W Ith 2© uauge wire and | h i.m 
lioned behind the third molar, 1 hereby a I lording resto 
ration of premorbid miuidibulomax diary ocdu.s.il rela 
tiotisltips, In cases of combined maxillary and mandib- 
ular frat lures judidous U3C ol a tracheostomy may be 
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necessary, The endoscopic placemenl o| ihe tracheos- 
tomy is especially atraumatic and less visible posloper- 
aiivek In addition TO this, subroeiWBl placement of the 
endoii ,u herd tube may be another very helpful way ol 
iiii.iesthezLsiii|T these patients without interlearing with 
ihe occlusion. 

Exposure. Moxil J a ry f'racl tires in lln' 1e Foil I plane may 
be exposed through .in bppisrgfu^JTKS'bacca^ sulcus ind 
sinn fs<:.; In 1 ,. 2.2). liareiyv exposure may be obtained 
dirt-Lily through .soli -I issue lateral ions, Both maxillae 
nuiy be widely exposed uiibptrierMcally lit identify nil 

i . 1 1 : i - - i i > >r biillrt'v-.'."-,. lii tegmental alveolar fractures 

i M'SL-rvaUuii of vascular supply to loolh-bearing alveo- 
lar tragments may be achieved I h rough .1 segmental 
upper buccal illusion * aiv uiusl be laken In dissection 
in avoid the ird'raoi hital nerve, which is located appjnox 
im.ttely I cm below Ihe inferior orbital rim below ihe 
medial limbics. When uimuuuutlim of the butlie- ■ ■. 

I h , 1 11 -, ,1 .li c i,s taken l< 1 identify and anatomically replace 
the fragment 1 ! to achieve proper mid lace height. II ihcse 
IriiLnneiitsareloosmall lobe replaced wilh adequate tix- 
alion, they should be discarded and primary bone g'.iM' 
.■mpluyeej (0 rm>ii?ilnn,l Ihe bill I resses. Attempts to pit 

, 1 .e vascular supply to small fragments hinders expo- 
sure tn ihe buttresses and may preclude iiiialomk redin.- 
iion, Small fragments slum Id be retrieved from the m.u- 
illary am rum as ihey may acl as sequestra and result in 
maxillary sinusitis.. Torn maxillarv sinus mucosa is 
removed 1 bill a formal drainage ol the stutiS is s4dtlc.nn 
neces.tary, 

Reduction. Prior to rcdm-iion nf Ihe maxilla arch bars 
■.1 11 1 i.i ," ■: 1 in affixed to Ihe maxillary and mandibular di n 
lilion to facilitale restoration oi die original occlusal 
relationship, 

ft surgical treatment i.s delayed, or the maxilla is 
..rvndv impacted, reduction from the retrodisplaced 
position may be difficult without osteolomy, Disimpdc- 
tjon lore ■..■[•.'. in : ' I ,:iniye wire loop placed through a 
drill hole near the thick bone of the anterior nasal spine 
lollowed by manual I ruction may be necessary, It is 
importanl to overstretch ihe anterior position ol the 
midfate relative to ihe mandible, sudi ihai p&tirhft pepo- 
sit n .11 1 11 iy: of the midface results In anatomic reduction. 
|">i I faculties arise with posterior relapse postoperatively 

II fertrce is required to hoUl ihe maxilla in posilion while 
applying the internal fixation (il.ik-:-,. 'the external 
dynamic forces ol scar tissue conlruuion and muscle 
pull may overcome the static fou.es of niiiupLik-fmai Ion 

1. id consequenlly result In relapse. 

r.dlure to appreciate the importance ol rnandibtilo- 
maxillary fixation in ihe I real men I ol all midlace ii'uc- 
tures may restiii in postoperative rnaloce.lu.mon. com- 
iiiiiiily in Che form ol anterior open bite, 'this occors in 
cases ol noncocn minuted traclures when I lie surgeon 




Fig,4.2.fia-c 

l>ugr.un sllp?WlOgtCM iiihu a l.i Vim I I Vt$ QJCItllC right 

side and t-dudiilly didncjted joint Toe act luHon ii Gorrefil 

facial hcighl am the righl sick on iIil* comminuted urea i»too 

lone. 

I 1 -: . 1 1 i 1 ■ 1 ■ i>l 1 ( I'm; l h.iriun.' wild pern ..ii in • h W MiCt Oil 

comminuted .:.!•■ 1 1- and open bite •■hi O^pos te imiifommnv 

uleddde- MiuidibuJ.tr toncbtc now la MMtfed po.-.;i 

PljsgTftm showing Jixaiion ol ilit rnidiitce Irnulure In itn 
i'dt:nliilr.i!.-. I'linnl witb (he help df pal icn|";i JiMilurcs tu.srl 
■\ ■ .Mir;:.. 1 vrrti,,i. i'.irlit. l 4 is;U.ion t}f li- Pari I ureii, wilh 
i'I.h ■ ■. . 1 1 '• ■; I hone Rjrnlif ht-cniir;r <if fngtarit \'.-\y> of more ihun 
5 nun, The pmiuvtw* arc fixed to the alveol.ir pmcess and 
the palate wilh l.\ sHewS-Anierioi view, 



believes t Ei.it aii.iloinii. reduiiiiui ol Ihe medial and lat- 
eral bullre.sses will resull 111 propei placemen! of the 
midiace in three dimensions.il maiidibuloniaxillary fix- 
ation is not used, ihe posterior (pterygoid) buttress may 
he inlruded, 01 moieo* miv CXtl uded while appear- 
ing to be anatomically reduced ai ihe anterior but 
iresses, This posierior extrusion restUts in premature 
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cojjtaci id" the posterior molars, producing nn ank-r hh 
open bite, us shown on preoperative dttygnsm I Pfgsu 412, 
I 'mi/. MandibuloniiUillary fixation is mandatory in 
Llit treatment ot all ha Tort fractures so thai themandib 
ular ramus can he used lo set the height of the posterior 
(pterygoid) buttress print to mlermil fixation. If ireat- 
meiit must be delayed , m term ax i 1 1, 1 1 j • 1 1 satkwfi alone pi e 
vents many ot I he deformities or' the untreated irac Lured 
maxilla- 

1 in: must be taken to ensure that no subcondylar 
fractures we present prior ro lixal ion, anil ihui the man 
dlbular tundyle.s arc seated properly in the glenoid 
fossil A unilateral open bile deformity may occur m 
eases in which the buttresses arc torn minuted on cum 
side only. Inadverlenl subluxation ot disloaiiion ol the 
temporomandibular j i • i n I inieriorlyon the com mum led 
side may re-sun in Ii :•, al ici i til i he lateral buttress with an 
Increased verticil heighl, The opposite hutires.se* arc 
reduced and fixed anatomically, VVhen mandibulom;i\ 
iJliiry fixation is released, and the condyl' impositions, 
premature canUM of llie comminuted side occurs, 
resulting. in open biteon the opposite nmcpinmiiittted 



j L*ie I Fig I .-.H.i,b1. A .similar siluulion may develop if a 
Le Fori I I'rndure occurs in ctmiiiNL lion with a Itjfgp 
math fracture* Cure inusi he taken not tu internally Si 
the zygoma in an interiorly displaced po.siliou, or cIm p 
reitttivs! increase in uiiii.il height exists in ihe maxilla 
on Lhui side. 

In l he edentulous maxilla it may jv At t ESs8i v lo use 
Ihe patieufs dentures or a Gunning splint lo set I he CO] 
rcct vertical height uf the feee (Tig. J.2.&c), I J neillv.i ij 
i' .'liablevanatomic bul tress alif.innerii may he followed 
by ctentttrft adjustment to accounl fur minor m.clusal 
discrepancies. 

In conjunction with occlusion, anatomic alignment 
of ihe medial mid lateral buttresses provides ihe key lo 
Ihe i -L-.-i r 1 1 1 . ii ii in ol mid face -vertical height and horizontal 
|uv,|ectiomComminuiioii ol all lour anterior buttresses 
is lurlunalely rare. It is typical that there is al least one 
buttress in large enough fragments to allow for una- 
loniic assessment ol vertical heighl. This buttress may 
be p luted firs! > Fig. '1.2.yj and ihe bone fragments rigidly 
fixed onto the plate using a Jag screw lechnicjue. The 
other buttress heights arc I hen set accordingly, and pri- 
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inary bone grattingmay he performed (see Pig. 4.2J3J. 
1/ all .uitL'riiu bmtresses' are so severely Edtmaimtitcd 
[hat cancel niidface lioi^hi tfarwitK he determined at any 
ol the Lmttresses, Lhe surgeon may use lhe mandible tu 
assess Hit* appropriate anterior projection, jnd ftutotjee- 
trve mdgemenl to .set the relative mid lace height, Umot 
tunntely, lipiooth relation ar rest imiy nor Ik- a reliable 
indicator depending on Lhe amount of facial edi;i 1 1.1, 

Occlusion. Restoration ol nedusion is paramount to lhe 
appropriate treatment nt midiace fractures. Failure, to 
ttii il'l .li lhe unyinal occlusal pattern* through the 
Application nl imuuHhiiloinaxillary local ion prior 1.0 
Internal fixation and reliance on iiualnmi.. | ."iitionins 
• -I i lie butlresves alone may result in po.stupeiarive mal- 
occlusion, Its indicated above. 

With an intact maxillary arch il is ini porta ul lo deter- 
mine | he paiietit's <orrecl occlusion using iuiiiruialion 
obtained by Mutiny, prelramria phutographs, dental 
!' i nrds.. and wear-facel pailemn on lhe k'eth.The cue ij 
i'. i ytii waler dental splints created from denial impres- 
hKis taken under anesthesia may assisl in determining 
normal occlusion and mamlaining il during surgery. 



Hg. 4.2.9 

I e I'mi i l k,u ijil' with ami mm in ion oi both medical and one 
pouintior hnitri'^. on iln: right He eoitofftinutinn .a lefl pwsie 
riur buttress, which iIht.-Iit. ; . . iilizi-d lir&i. The height »a 
the rem m rung -buttresses is. set a nurd illy in ibis rccoiwtra 
I Inn I Ip tOOth | (Wilittfl |n ovules ihf Ivv cii n tu fm 111 I ■■!! 1 1 
w he re 110 butt res k ca rt h e rcas'si' rnhk-ii ii o 1 1 1 exrii 1 1 1 Ig fragm £flt& 
N Ohf o tr rv. I i cxn pnrm ry I M J . 



niffuully can arise when teeth are missing or the 
patient is ed emu I pus. In these circumstances the 
surgeon's subject ive judgement may he necessary ta 
deleruiuie die" best lit ."Sagittal fractures nf ilu palat«Of 
segmental deuloiilveolar fractures add lurthci cleg-rees 
• A instability, making 3js $e$$ftierM and restorahon of pre- 
morbid (Mxhision difficult, Careful palpation of the pal 
ate reveals unsfable. loolh- bearing segments tn alert the 
■■in geori ol these difficulties. 

Fixation. The useol miniplale fixation in I reality maxil- 
lary fractures has eliminated lhe need tin prolonged 
m.indibulomaxillary' lixulinri. allowing lor improved 
oral hygiene, better nutrition, bellei .lirway, less weight 
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Fig. 4, a, 10 

i ignrm ilwrtylng tSxatljcmbl Le Fori I fnu twnjtincl | .miun-dUn 

sag LI I ill palutul Iraitluic. lusnis, l he various typos (rf h-..r:. m lm 
• 1 1 ■ , -y 1 1 ; .iJ palulid Jr.icturL's. 

■ J i': Mlnlptole lkatloo aniermrly ahove innAnr l.-eili and 
nasal Il> ".ir in.. ideJt.il n<m\ 

. ' .' I..H- , irv. :■:,,! i. in .inUTHirJy 
Itt&t v J' Uk' fixation ihiUtwi K ,iml puliilul tool mlra-ni. ill y 



,i'nl I over inlettion rales and may aci to shot ten the 
duration ofhtDttpitaJJaticin. In addition, i in erruil fixation 
keeps reduced fragment.-, in pn--iiinru there is less 
resorption oJ bone grails and earlier return to function 
n;iu..,; and Phillips IW2; Schilli it al. 1981), J'revn.n a 
methods of hul I ress fixation using bss^msi^txa wires 
were intrinsically unstable and led to leli-v ojmflgoi seg- 
ments and mubditv to withstand Stress©^ wilJi bony 
rebp'.i' 

I ivi? damping ol a mini plate to bdlie by Ihe 

tensile force induced in lli<_- screw is the basis of iixation 
by born: pJul.es, Compri'ssjuii was Hr.st advocated by 
Dams ( I'M l >) lorslabilization ol bone JratUiivs. Ilir fogs 
been shown lo be he tie! ilia I in Heating long bone and 



mandibular Iractures in which I he use ol COfnpressiutt 
plates promotes primary bone healing. However, in the 
midrace compression is rare}) I ■ ■ - [ ' ' ' : ■ ' '' ' ll1 '-" sillier la 
bony loiiiiumuhnri or the thinness of tin- hour windi 
would result In oveilap ol li.n'.uienl end 1 . Willi sulvse- 
quenl shortening. The exception to this is the use ol 
Loinpressinn with lag strew stabilization ol a palatal 
spill wilh strew pl.t. emenl .snh-Horly lltmngh iheank- 
riur nasiil spine region f l-'ig. 4.2*10* hwei ' I 

Wilhoui uimpressinn the Stability in the fraclure site 
depends upon theiitherenl rigidity ol ihe ntinipJaieand 
friction between the fragiuetil e-iuhUfa small gap c mt& 
between the I nig mem ends, and the dynamic external 
loicc--. rinrn in-.i'-ii. .iriini an: greater than the figidit) CH 
die implant jnovcnu-ni m ihegap C H at wirli detri- 
mental effects on bone healing. The presence of move- 
ment may lead lo a high -strain condition, which is nol 
( ornlucive to bone lormatinn. As a result a fibrous non- 
union and Iragmunl end resorption may otcut How- 
ever, in prat sue, nonunion ol maxillary fractures is rel 
atively rare. 

Stripping ol the bone diread is one of the commonest 
problems encountered during theinserlion ui t fl£ I ewai 
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vuigory. I !ir- i , ,i |iinlik'jii especially when fixing plales 
in lliin tarlica! bone in the iiiidtacearca.Therehii.: n i-. 
important ki position the buttress plates m lar laterally 
and us close lo I he pyrilorm fossa ,if, possible its these 
Ureas represent ihe ihickesi regions ol bone in ihe mid- 
i n e arid provide lor good screw pwthttM and fixation 
'"' r% 4,2.75, 

The abiliiy of I In- screw lo provide holding power 
ikpeitds upon screw design, ihu- changes in bone as ilu 
n'Mili ol *'i rew insertion, the reaction of ihe bone to the 
tm.pl a ni material, I lie resorption and remodeling of 
bone during fracture healing, ,ind the reaction of boi \v 
lo loading us the reiull ol mu.srk ln. L ,.■■,, For prnpei 

screw anchorage nm lition Ibnl must be niel is lb.il 

the bone cortex thi . » • .h least as thick as the des- 

mi'. i 1 1 -p.irali.ng two threads of the St few I pitch angle, 
In' I.'. 1 1 and nisei; Dichl el al. 1974,1. Therefore in very 
thin hone, snub a.s found in the maxilla, screw* tvilh 
•J mailer pitch angles, may have .soon' theoretical advan 
l age as ibis results in more jfcrew threads having contact 
'■ ■ • 1 1 « ili ' I'liiie, f r i addition. ilhas been de n mi n.st rated that 
flsrewsi with snulloi pltcll mgtes have slightly highci 

■ |'i'-:-;srvT values in 2 , 1 , and I -mm bone thickness 

{ Phillips and Ralin l l W l .»: kubn et al. I W>5), 

The holding powei of rhc fluted portion has been 
■ I monslrated to be 17%-™% less ih.iri that ol ihe fully 
I breaded i ion fluted portion IBechtol et a I, [95$) > f'lus is 
seldom a problem in mkliace W the screw Up and 
i- iiliing llutes tun protrude safely into (be maxillary 
antrum a\u\ maintain ihi holding potter. 

More lorqneis uHpim il fQ insert a sei I tappings; pi u 
due lo the cutting of the bone threads, 'this plaits 
increased rtfttSa KB the screw wbub tiflXI lead lo screw 

failures and micrnlViietiiring ol ibe suilmhhIui:.: I 

which can predispose to screw loosening. When a small 



Fig. 4.1.11 

K.isk s.r.-'.v design -iJniv. h;' Lfci iln..'-nl ,hhI COtfe iluum-lur .is 
well as the piK h I ii isiun lc helween two th .,, 
i'm-., i -,L.v,., ihu rdaiidii m between i :J "^ tJifdcneBii in 
"i BJj ■ i i .: ihrvMd«shfiiilil i iL;ie»j intcirtical Iiotii' in nj'drl 

ro provide sufficient holding «apaehy, 



In Fit v Iragra ent o r bo n e gi'a 1 1 i s b e i i ig 1 1 1 ■■ \ .,.. \ i • w< >< ! < 1 r 1 1 1 1 i 
plaki [o bridge a bom di in i I |>e increased (on}lie asso 
ctoed v.'iiii '.ill-tapping screws may result in displace- 
ment and difficulties maintaining ihe position ol the 
hune segment, lapping has been shown lo decrease 
insertiMii.il tormie by 35-%-4fl% < 1 1 1 1 ? : 1 1 . - ■, and lordan 
19721. It' a .screw must be reinserted into ihe same drill 
hole fll so rgery due lo the cut I ing ability ol ihe fluk,-,, thi 
risk - 1 1 i 1 1 1 :,:■;- 1 1 1 iv, i,. ling js increased with self- tapping 
strews, leading tn poor screw purchase. However, thi i 
potential disadvantages of the seh-liipping system are 
far oulw<Mght-d by its benefits in rni reaped compressive 
forces in thin bnne 

Recent in vivo smdies on the b torn ca ban u:« ol Ihe 
i.i, i.il sk<-lei..iri by Kuddennan and Mullen have $|©WII 
thai 1 real ment ol structural defects o I midlace should be 
direcled to the i in tiM ruction ol uortnal pretrdUtnafic 
loud palhfi (Hudderman ami Mullen l'J'.>2l. This \s besi 
perU'i iin'il I • v lite rccunsiructioo/reconstilution ol nm 
ma I bulires';i s 

Plates should be a pphr, I srp, irately m tin nu-..li,i| and 
lateral bnl tresses, Optimal placement ol the lateral biil- 
tress plate is liuiri the thick bone of the /.ygomatic body 
.il-'iigtbelatetal asp. <a I ul I he anlerior maxilla where ihe 
bone is thickest. The medial hullre.ss plate is beat placed 
along llu- rim of the pyrii'orm fossa, Placemenl ol lo.nl 
beating plates across Ibe thin bone of the anterior max- 
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ilia .should be avoided as screw holding power is signili- maxillary antrum, creal ing overlying contour defects. 

canlly decreased. Passive contouring of the plate to Bone grafts may be used to prevent this deformity. 
ensure a perfect iu in tin- underlying hnne is importam The general principles of internal fixation should be 

as -ii tempts al in situ plate bending place undue si ress on applied to the use of bone grafts as this has been shown 

the bone leading to screw stripping and microfractures to prevent resorption and allow maintenance ol volume 

ot the bone. Continuous irrigation when creating the in the presence ol infection (Fialkov el al. 199 
drill hole is important to prevent bone necrosis and ring Although bone grafts may be harvested from several 

sequestra. sites (ilium, rib, calvariuia), split ealvarial bone is ihe 

Care must also be taken t" .ivoid inadvertent place- material of choice for buttress reconstruct ion. H is read- 

ment of screws into tooth roots. The position of the ily available in large quantities, accessible within ihe 

canine tooth ami should be used to determine the same operative field, tolerates being exposed to the open 

superior extent of the tooth roots. On occasion a low maxillary antrum when rigidly fixed, has minimal 

lying fracture along the lateral buttress directly adjacent donor morbidity, provides for excellent screw purchase 

to the tooth roots prevents application of the plate; oth- ami fixation, and may be rigidly fixed to mini plates or 

erwise screwplacement between tooth roots, It is best to lag-screwed onto underlying bone due to its high corti- 

span the plate from the zygomatic body to the thick cal component In addition, it is strong enough to with- 

bone near the anterior nasal spine in these circum- stand the forces of soft-tissue contraction and imi.sii. .1 

stances, in addition to ihe use of primary bone grafts. It lion. The main disadvantage ol ( ahrarium is brittle] 

has not been necessary to fix the posterior buttresses or ihe inability to shape and contour the bone due 10 ils 

internally, however [MP can substitute lor posterior but- low modulus of elasticity as the bone tends I" Iragmeni 

tress support. when attemps are made to bend it. 

Plates become the path foi Load distribution, and 1! 

placed abnormally, force distribution may place undue Palatal Fractures. Sagittal fractures of ihe maxilla and 

loads on plates and thus lead to high-stress eoncenlra- palate are present in 15% of patients with Le Fori fi.u 

tions This m.iy ultimately lead to screw fatigue and fail- tures {Marison el al. 1983) and are associated with 

ure. Placement of multiple screws (at least two) OR each increased instability due to rotation of dentoalveolai 

side ol fracture leads to a more even distribution of segments which may not respond toconveiHumal tonus 

loading (load sharing between plate and bone). If bio- of fixation. Fractures involving the palate commonly 

mechanics are not considered with regards to inlernal divide ihe palate longitudinally, adjacent to the midline 

fixation, the incidence of infection, nonunion ami tissue as ibis represents a line of weak thinner bone (medial 

inju rease. palatal split; see Fig. 4.2.6). The fracture usually exits 

In the edentulous maxilla, bone slock may be dimin- anteriorly between the incisors or lateral incisor and 

ished.and for adequate fixation plates may be placed low canine toolh and results in buccal, anterior, and lalei.il 

on Ihe buttress through residual alveolar bone. I lowever, displacement of the segment. Alternatively, palatal Irac- 

ihts may interfere with denture lilting, and the plates tures may occur through ihe maxillary tuberosity (lat- 

may have to be removed once bone healing is complete, eral palatal split), involving a dentoalveolai segment 

bearing the molar teeth. This fragment may displace 

Bone Grafting. Primary bone grafting (iliac, split rib. or superiorly, laterally and posteriorly. Both fracture pal 

calvarium) has been advocated to reconstruct defects in lerns may coexist and are extremely difficult l" treat, 

the medial or lateral buttresses where bone has been lost Rarely, coronal or transverse fractures <»i the palate I 

OT comminuted (GrUSS and Mackinnon l986;Grus.s and occur. 

Phillips l992;Manson el al. l985).The useof miniplate Conventional fixation techniques involving extensive 

fixation has reduced the need for immediate bone graft- plate and screw fixation along the pytiform aperture 

ing but Ihe ability of plates to bridge bone gaps is loca- ami anterior nasal spine have not consistently provided 

tion dependent (Grass and Phillips 1992). Masticatory satisfactory accur.iL v 01 stability to correct the increased 

forces and cyclical loading on the maxilla can result in transverse maxillary arch dimension or changes in in< l» 

implant fatigue and lailures it miniplates are used to nation of ihe dentoalveolar segments that occur with 

span significant bone gaps without restoration of bony palatal fractures. Manson et al. have described tech 

continuity using bone gratis. niques ol transpalulal miniplate fixation through lacer- 

(laps m ihe maxillary buttresses greater than 5 mm ations or incisions in the palatal mucosa supplemented 

should be replaced with bone grafts. Hone grafts may be by arch bar placement and fixation al the pyriformap 1 

lag-screwed under a minipljie used to span the hone gap ture, in addition lo the usual fixation along ihe medial 

or may be held in place directly onto the buttress using and lateral maxillary buttresses dig. 4.2, 10, insets; M.m 

. rews at either end (see Fig.4.1.5,4.2.8c>and 4.2.13). son et al. 1983, 1990). Reduction and fixation of the pal- 

Loss ol 1 be anterior wall of the maxilla may predispose ate is performed initially to restore proper width ol the 

lo invagination of the overlving soft tissues EntO the maxillary arch and is followed bybutiressfixalion.lt is 
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recommended to maintain mandibulomaxillary fixa- 
tion for 3 weeks postoperatively followed by motion and 
m>H diet. As bone healing tends to be slower following 
palaloalveolar fractures, it is recommended lo watch for 
occlusal discrepancies and drill up to 4 months after fix- 
ation. Due to local symptoms hardware removal in I he 
roof of the mouth may be required. 

Alveolar Ridge. When alveolar ridge fractures occur in 
isolation, management consists of reduction of the den- 
toalveolar segment and fixation to stable adjacent max- 
illary segments using 26 -gauge wire loops or arch bars. 
This is immobilized for 4 weeks, during which lime the 
patient maintains a soft diet and regular oral hygiene. 

If there are associated maxillary fractures, il becomes 
difficult to achieve stability in this fashion. The use of an 
acrylic wafer splint may provide some degree of stabil- 
ity, bul open reduction and plate fixation is usually 
required. Mini- or microplate systems may be employed. 
An attempt at achieving two points of stabilization pre- 
vents rotation and lilting ol the dentoalveolar segment, 
and care must be taken to avoid placing screws in the 
apices of the adjacent teeth. Screws should not be longer 
than 4 mm to avoid tooth root injury. Soft-tissue attach- 
ments must be maintained to I he dentoalveolar seg- 
ments. Loss of gingival tissue from these segments due 
to trauma or exposure may devascularize the teeth. If a 
segment becomes devascularized, stability of the frac- 
ture is improved by replacement and fixation. However, 
should it remain clearly nonviable, a tooth extraction or 
removal of the segment may be necessary. 



4.2.2 Upper Midface (Le Fort II and 111) 

The rules described in Sect. 4.2.1 also apply for the 
reduction and fixation of fractures of the upper midface. 

4.2.2.1 Anatomy 

The upper midface includes both zygomatic bones, the 
orbits whose superior sections belong to the upper face, 
and the central nasoethmoidal region (see Fig. 4.1. 1 c). 

As it has been said before the classic fracture pat terns 
II and III as described by Le Fort are rarely seen. These 
fractures are observed mostly in combination with skull 
base or cranial vault fractures as well as with Le Fort I 
and mandibular fractures. In these instances they are 
pari of pan facial fractures. 

4.2.2.2 Diagnosis 

In addition to the clinical evaluation - which generally 
provides only a rough impression since swelling and the 
overlying soft tissues hide the underlying bony struc- 
tures - X-ray evaluation via plain facial radiographs and 



5 mm axial and, if possible, coronal CT images are the 
basis for a precise diagnosis and consequently the ther- 
apeutic approach. 



4.2.2.3 Treatment 

Midfacial fractures should be treated as early as pos- 
sible, at least within the first week after the accident. As 
soon as the general condition of die patient allows n. 
definitive treatment should be undertaken. Fractures ol 
the upper midface are generally quite extensive and 
include damage to the soft tissues. As noted by Manson 
(see Sect. 4.1), delayed treatment of midfacial fractures 
may mean a second injury to the already contused soft 
tissues. Edema should not be a reason to delay treatment 
since - on the contrary - we have observed that edema 
subsides faster when correct anatomic bone conditions 
have been achieved. This is especially true lor orbital 
edema. 

Intubation must not interfere with the ability to use 
ii l.indibulojmixillary fixation during surgei v. 'I he origi 
nal occlusion is one of the most important landmarks 
lor correct reduction and fixation of midfacial fractures. 
Therefore either nasal, oral (behind the teeth, or if teeth 
are lacking), submental intubation, or an endoscopically 
placed iracheosloma is necessary. 

In addition to the infraorbital approaches and the 
transconjunctival and upper blepharoplasty approach 
(see Figs. 2.1, and 2.5), the coronal incision is the most 
important approach. In recent years we have learned 
that extensive lacial degloving is feasible, and via this 
exposure accurate skeletal reconstruction is possible. 
The corona! approach is mandatory especially for the 
correct reconstruction of the nasoethmoidal area and 
the correct placement of the zygomatic arch area. A 
hemicoronal incision should not be used. Eyebrow inci- 
sions and other routes via the nasal dorsum should be 
exceptions. A gingivobuccal incision is necessary for a 
correct fixation of the link between the upper and lower 
midface ( Le Fort I area). 

A very important precondition is a team approach. 
Since most of the upper midface fractures appear in 
combination with skull base fractures, the neurosurgeon 
in most areas is the most important partner. Depending 
on die special situation all specialties (oral -maxillofa- 
cial, plastic surgery, neurosurgery, ENT, and ophthal- 
mology) should be involved at the same time in the 
treatment of panfacial fractures. 

1 1 is also important lo visualize all fractures first 
before any fracture is stabilized. In severely comminuted 
fracture situations a preliminary approximation maybe 
performed with wire before definite fixation with plates 
and screws is undertaken. 

Upper midface fractures are located between the cra- 
nial vault and the occlusal unit. 
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Kg, 4.2.12 n-< 

a l.'i.ii'i.m, showing wiaMmttttctJon find fi^tiojct.al mu p u i i 
Grama, cbflsistiJig mainly pfcoi I | n isititm tug i>f zyrjnm.it li 
bnnei ii'ih' i,iii;.i| v.iuli .im. 1 1 icGstei i * -» i itioi i>f jcygsyocHi . Tlife 
rn.iy lif i lit Ursi su|i in 51H outstd* to \m\dc management. 

b CTicull, .ixi.il vii:w. Seven- ft jlm I .1 . II . v .■ - irt.T with u- 1 
sidrtabk- rlispbcemenl of tin- zygomatic arch, rttei ^Mtatinp 
revlj aJ .'pi M'.n I. 

I 1 I .- : - ;i 1 ] . . 1 vi itl v 'unfa Re pail of /.yjr unml k at J 1 w : I li 2 ,{ I 1 1 1 C| 
plate* jIL'roxjKKiiiiv of hull /.vy.r.m.ilu: arches lor mm;. 
Mill M'.i.-M.i. 



Although establish men I of ihe GtfrttKl mvlnsion ia 
absolutely mandatoi v as ,, guideline,. for corwcl Pftdui 
tlon of uppcf midiacial fractures it may In- rni.sleadihj.',. 
Formerly, when we used wire lor fixation together with 
trtmiotacial suspension, we often observed a ■ utisiuVr- 
ahlejmioonl of 'telescoping in tile Lc Fort 1] and HI area,-, 
with iactal dt- 1 or mat ion although llu: oet luaiofl was cor 
reel, 

Brass (.1980) stressed the importance ut 1I1-. e&tm I 
reconstruction of the outer ftcial frame (H^. •!..'. \>.i) for 
proper reesiablishmeni ol lk- taciuldimenxion.-;. Tfcefix- 
ahon ol both zygomas in the correct position m relation 
to the cranial v;hiI| guaranties cot ivl| laci.il width and 
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help* 03 find iJn.- concu posfttoa lot (lie i},jMH.'tliiiuuiJa.| 
complex, Therefore it is also a key area lor reestablishing 
the correct facial projection and facial length. This is 
pari ol the present I y advocated concepl ol an "outside to 
Inside" management, Even in unilateral upper midface 
fractures il may be necessary to use a coronal approach 
since it. may he important to compare the position of the 
unfrfu lured /yj.»oui.iik arch with the reduced arch 
i Pig, 4.2. 1 .-b.c), Reconstruction ot the central pari bfthe 
upper mid lace - the nasoelbmnfdal com pit: * - is exten- 
sively described in Svc\, 4 J. 

Recsrnblishment of the correct intercaruhal distance 
by means of correcdy placed transnasal wires is a very 
important step i.uv Fi|si-« l 'l^S r 43.3b, 1.3.4 h}..Sn urine, 
die links. between central and lateral upper midfua* in 
the area ol the interior orbital rim, as well as fixation to 
the frontal bar and along the medial buttress, fnlluws 
thereafter (1% 4.2.131. After the compile reconstui.. 
lion ot the orbiial frame the orbit itself is reconstructed 
(see .Sect. 4j), Thomftegr the occlusal und with correct 
mandibiilomaxjllary fixation is hxed with plates and 
and screws at the buttress zoom (medial and lateral) to 
the tipper midftjte, 



Fig. 4,2,13 

I 'Jjcal n m n| central mkUace to the ourer lacnil frame uud to i h, 
Imnlalbai willrni die nasal ridge wilh the JJ system./?;.. cPh 
a l ion tit die nasal ridge area with one >.l> jj|atc us an roller 
■'I 11 !"!! I I" Wlttctl buttresses .ore stabilized wilh th-.j .l.H 
eni ur n hone graft, InlermaxilliU y fixaj inn Is kepi unly dur- 
ingsurgery, 



In extensive midiace Fracture situations (paniaciai 
fob turesl the vertical buttresses should be stabilized 
'.viih the 2.0 system, The links to the irauia! vault ul the 
xygomai icoi'vontaJ sutures should also be stabilized with 
the 2,0 system in these instances. If fixation in the nasal 
root opt* is performed with one plate, il should prefi r 
ably be a 2.0 plate (Fig. 4,2. 1 .3, inset), while in the situa- 

l " I hxalion with I wo plates Ihe 1.3 system could he 

used (Fig. -1. 2. 1 3), The horizontal hoi tresses in the y.ygo 
matic arch area are fixed preferably wilh the 2.(1 system 
(see Figs. 4.2.5 b. and 4.2.12c) while stabilization in the 
orhii.iJ rim area is .idetpiate wilh J. 3 plates (Fig*. 4.2-12 
'1.2.13), 

Figure 4,2. 1 1 presents a Further example of a lypkally 
dislocated Le Fori III Fracture wilh a zygomatic fracture 
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Fig. 4,2.14*. b 

* I J My Mm ot .1 If Purl Mlfcttftin 'AiihrygoMuliclrftcHirron 
the left iiiHJtypk.il i i 

b 1 'i.ji-. r.< in ihov« ui|' ItMtion or fi.i, in --iiown iii i, wring the 

1 :i and 1. 1 system. 



ifculizajfofl .Figure 4 .'.15 tkmoij- 
t< ,!di-*|tiiiit: Ration ol j 1 1 Fori 111 luviurt- on ilu 

ii II ui %>,iriihii,iiiaii with an iirluMl fracture oji ilif left 
.iinl j U Port II i r.n iui, mi (In- ri^hi cm .i vraicr'j i i«w 




fig 4 J 15 

1-ffl . N .. ' .:l'i i i :i i. .1 |,t' F<*rt II J|,|i|Mri>ii|i 

right, and s were orbiti mcti f melon on tin i-n l'h« 

! Mil* ttlkLXLtl.il > .1 
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4.3 Nasa Orbital Ethmoid fractures 

Contributors; fte&l rtftntmer 

loachlm i'w in 



4.3.1 Definition 



The term naso orbdo ethmoid <N<)I ; .) I raptures is 
employed for injuries litvi living the area ot'i t influence ol 
1 i io.se, orbii «, *odeflimuf ds (Gritss J 98 5; INiske rt e i a I . 
1.988). A number ot delicate structures are involved in 
Ihesc I nit lures; the uose : , medial imt] lower nrbils^ trim 
tul sinus mid anterior skull bus* 1 , and die pyrffbrin rim. 
Mufljjglng all du'si: structures and reconstructing 1 1 1 . ■ 
complete ihr L -- 1 1 ii i.i-i 1-. i« .i i.il architecture ut the (COE 
i .i nrc? among the nn.v.i •.iilfn nil piohlciiis in I renting 
i I 1 1 . i . 1 1 1 1 . i 



4.3<2 Anatomy 

The main stiuciui'al buttress of Ihe Nt U area in die Iron- 
fctl | in,..:, ol the maxilla, whkh articulates cranial!',' tw 
the internal unguis* process of &f frontal bone. This 
buttress contains the insertum of I he medial cdJitlln] Kg* 
iiiicsu (Jig; l,3J | inul extends, super iorly beyond it. Tlit: 
cajiih.il beat in;', area is also referred to as a "central frag- 
ment''(Markowit7.etal. 1WI ), wl in It shows typical Irac 
ture patterns Isee below J. The thm and easily coniiniu- 
i H', d lamina papy raceti ol the ethmoids is located poste- 
rior rn the central fragnMsnt, Lramally the internal 
angular process cai ihe frontal bone U anterior and 
superior to the anterior wall ot Ihe frontonasal disc r , 
Fate in y oJ the frontonasal duel may be lost In highly 
committal..-.. I MOI Nannies, ami obliteration ol Ihe 
Irnnlal sinus is then necessary (Stanley \9?&};, 

Between die two central fragments the nasal bcrr, 
an h to lorm the proximal nasal skeleton, These smalt 
;n hi fragile bones often have multiple Iractures. How- 
ever, skeletal support and pr. if<-t lion ol the nose 
depends prajdmallyon the support ol the nasal pyramid 
and disUilly on die cartiiaginaiia septum. Ihe nfeed tor 




fig. 4.3.1 

ihc Ironiul process ol die maxilla isths inoin slim iuiol but 
ih's.s tit the rias" nihil r;il ethmoid went, Lonlaininj- Use mv i 
ticm ol'l/ii- :rif'..liiil autdlal ijgaiin.nl \iltitBl), Itii-. :t:lelcdlo a- Mi..' 
'v< : ■ 1 1 . ' I Fi .';>meni." 



dorsal nasal bone grafting is del im h i iri'i-'.l |« fhft cfogtsc 

ol < luiiininuiion to these structures.. 



4.3,3 Fracture Patterns 

Three typical fracture patterns cm he distinguished 
iMarkowil/ et a I. 1 9$!}. which occur either unilaterally 
or bilaterally, flhe Irwfiture patterns differ in ihe degree 
ol displacement and cotnmiiiociuii ol' the canlhul h 
i n en I b ea ri ng "cent ra I t'ragm eufc 



iJ.fi CiL'J'n.i: | • (>4Jii4>t;U't itl f ; i-il< <n'.' . 




4.3.2a 



Type 1 f||g, q.3,2). In Type I fractures I here is a single 
largj l'i :j j 1 , i ii<? nl bearing -the can thai ligament. I'his frag- 
ment is easily smbihml with" niinipl.ite& or the 1.3 
sysk'ni/J'ypelinjutJiisjnaybeL'illiu-r^Miriplck'oiriictini 
plc-tc i riL citefl h k irjcturc ut the internal a nguJ at pface&S 
nf (lie Itonial bone and may be mii or bilaitTal ), 

Type II {'Fig, '1.3.3). Here there in some degree of commi- 
nution ol" ih. i '.mii i.il fragment. Inn. the ciinthal ligament 
is. attached lo a fragment large enough ID be stabilized 
with wires or the 1.3 plate and screw .syslem. Tin* com- 
miftUlion is external lo die tan thai ligament insertion. 

Type 1(1 (Ptg, 4.3,4). In Typo III fraelures comminution 
extends beneath ihe insertion oi ch« c&wria&l ligament. 
Cuiilnil ili't.itliuicDi is required to achieve ihe bone 
reduction. Hired canthopexy is necessary, wiih alien 
tion lo construction ol thecanthul mseirlon point which 
should be posterior anil superior to Ibe lacrimal tossa. 



Fig. 4,3.2 a,b 

a N'Oi: I'rjeture, (yp«- I. l'here is a sjngle hu£e fragment 
■wining the insertion oil the medial cuiiihal twemem 

b SubiliznlHHi ut a NUh haelure. lype I IV £G unit I, 3. -.y, 
terns are used. Remark: under i:eri.nri eih UJ Ml u fto i v -. i . ■ ' ■ 1 1 
■ii ii 'ii tan he earned ou| without thr plate iH Ihe frontona- 
sal in It, -a: tn n.i' 'iires uudisfucdtetl ,il Ihe riili-maf 

angular process ol the Ironfall hone. 

Fig. 4.1.3 a, b 

a In Nf.H', travi.ii.res wpi II there in *onu?jdcgrt!« d Emgrocnta ► 
Hon ol tile • • •■ i il i al fragment, I lowever, the rragntuit contain- 
ing the iii.sei inn tri tlie concha] figomeni la large enough in 
be siiiliili/fd with a pJ«tjc\ 

b .si,iil'ili,.iiu:.n isarhiewil with iicombmnliun ol 1.3 |ilate.\iw4 
.i 1 1 • i n .ii.' ill wiie, The wire i.s instiled Ihmugh Iht h^arntrnt- 
I '!•.•'! in;.; r lament and shuukl prevent • «tn '.v.i I ■■•: (in C 
this ■i.ip-.ii'.nl 

F I g. 4, 3,4 a, b 

a N'OI i i i -.- 1 "• 111. There are multiple small fragment*. ► 

I in imginent iiHiluiriJiig the innerljfiri o\ ih* l .niih.il h|M 

merit is tot? -smull m be s.iuHbzed. 'I Inn ■; i -v. n be avul 

i UiecanlhaJ Liganu-nl, 

b Siabilfruliomil 'uNI 'I !i,u'i.i, type II J Hie small bone (rap- 
inenlNjrc nlignad and stabilized with 1 .3 mini- or l.n mi.rn 
pliiti:s,'Ui itv.uiNli in I ilu'v,inihalhgameniiii.scrlloli,iidirei I 
rmnsnasal awihopoxy id necessary. Th* tfiwertjoo point id 
i i:; i il | ■ i •■: lei iiv . ir-id superior to the lacrimal lossa, Il dit' 
I ".me iit Ibis area ix mfesirajj, \h l)Ui I hull point limy lit' 
denied wilh u hone gntfl BH -i £•€ plate US shown in the fiy- 
ure.The mosl common ei toi Ji.tq i n-:ci I ih'.- Isj-ument loo |ar 
nnttTiurly. 
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4.3.2a 



Type 1 [Fig, .1,3,2), In Type I fractures there is tj si] 
large fragment bearing the canthal ligament. This I'i vir 
men I is easily stabilized with miniplales or ihe 13 
System. Type I injuries.may be either complete or incum • 
pjjBte (g*%ehstifck Iraetureat the internal angular process 
oi rhu frontaJ hont 1 and may he tint- or bilateral). 

Type II i Fig, 'I.J.'il. Here there is some decree of commi- 
nution of (he central fragment, bui the canthal ligament 
is attached to a fragment tltrge enough to be stabilized 
with wires or the 1.3 plate and screw system, The com- 
minution is external to ihecanthal ligament insertion, 

Type III (Fig. 4J.-1J. In Type III fraciuics comminution 
extends beneath the insertion ot the canthal UgaJlti 111 
i.unth.d de1;Hlinicnl is required to .achieve the bone 
reduction, Direct canthope*y fc rnvossary, with attc-n 
I ton to construction of the canthal insertion point which 
should Ik posterior and superior lo the lacrimal fos-sii- 



Fig, 4.3.2 a, b 

a NOP. Insciure, typu I. There Is a single large Irugment c<in- 

l.iining the insertion qf the medial canthal ligftmenl, 
b taabilsration of a NO£ Irutture, type h'lhc 2,(1 and Usyj 

li-ni:: .\:'.: used. Remark: under certain tin um> l,i nets, 3tl ill 
on civn be caruied out withnui the plate at the frontona 

sal luiiLlurc. t'.g,„ hi fractures undislocaied ill lite Internal 

atlgul.li profeSS Of \hs frontal bone. 

Fiq.4.3.3a.b 

a In X<iF fractures type II there iss&mc deg«M pfinipiwiii i 
tion oft he central fragment. I lowever.rhe fragment contain 
ing the insertion of the canthal ligament is large enough tu 
he stabilized withu plate 

b stiihih. ■■.iiimi is nchtevetf with a combination of Ut.pltie*«nd 

a transnasal wire, the wire is inserted through the'ligB-Tneht- 
bearing fragment and should prevent outward rotation ol 
this fragm 

Fig. 4.3.4 a, b 

a Nf>h fracture type 111. There are multiple small fra&mtmtk 
The fragment COlitttrning the insertion of the canthiil ligu- 
ment is too .small to be stabilized, 1'here. may even he avul- 
^kni ot ihe culilhal liganii'iil. 

b Stabilization of a NOT-, fracture type til. The small boneftog- 
uient.s are aligned and stabilized with I ..*> mini- or I ,t.i rrncro- 
plulcs, lb reconstruct ihecuiiUiuJIigBJiieril inscrtinn.a direct 
toinsuasal eanthopexy is necessary. The insertion point is 
i ffeated. | •".'.■■' l-ti or ami superior to thr- lacrimal ii>s.s;i I! 1 1 1 -u 
b< tM hi this areu Is missing, the Insertion point may be 
created with u bone ■ graft or n Z.ti plate as shown in Ihe fig- 
ure, the most common errol '-• to Insert the ligament loo far 
anteriorly. 
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4.3.3 a 
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(Paskert et al. 1988;) allows examination oi septal sup- 



4.3.4 Plates Used for Internal Fixation of NOE Fractures port lor the nose, thereby assessing the need lor dorsal 

bone grafting. 
Plates From the midface sou 1,0 (micro) and 1.3/1*5 

(ininiplates) are used to stabilize NOE fractures. Micro- Computed Tomography. While the NOE injury itself is 

plates are especially helpful in pulling the very small evaluated clinically, CT scans an- indispensable in the 

fragments ol the nasal rod together. They also may be diagnosis of associated injuries (orbits, frontal sinus, 

used lo link a large central fragment lo the frontal bone, skull base) ami in confirm the pal urn of the NOE frac 

Miuiplates are indicated when increased mechanical ture. Details for the other fractures are given in the sec- 

lility is required. Because of their relative thickness tions dealing with these injuries. 
they should not be employed anterior lo the lacrimal The NOF fracture diagnosis requires (at a minimum) 

crest. fractures surrounding the "central fragment"; these 

NOF fractures are the only type ol injury in which include fractures oi the nose, orbit, medial orbital wall, 

Stainless Steel wires ire still used for transnasal reduc- and inferior orbital rim. Fractures of the internal orbil 

nun and fixation. In type II or 111 injuries transnasal wir- (door and medial orbital wall) are routine. 
ing of the central fragment or/and dun I transnasal can- 

thopexy is used to reduce the intercanthal distance, or _, 



distance between the frontal process ol the maxilla. 4.3.7 Operative Treatment 

Operative treatment should be undertaken as early as 

4.3.5 Exposure possible This consists of graded exposures with ana* 

totnic reduction and rigid fixation of bone fragments. 

^ combination of coronal, lower eyelid, and upper buc- Special attention must be paid to the medial canthal 

cal sulcus incisions is usually employed. The coronal flap ligament. The fracture usual!) extends into the him. 

is reflected to expose the nose. In most cases dissection maxillary or zygomaticomaxillary buttress, and there 

of at least two-thirds ol the orbital circumference is nee- fore a buccal sulcus incision is necessary, 
essary. Stripping ol the canthal ligameni from the bone 
is avoided .except in type III injuries where the fractures 

extend beneath the canthal insertion. 4.3.7.1 Management of the Central Fragment 

II there are fractures of the posterior frontal sinus 

wall or anterior skull base, cranial base exploration and Type I Injuries (see Fig. 4.3.2). A large canthal ligam 

dural repair may be required. II the anterior wall of the bearing fragment may be reduced and stabilized with 

frontal sinus is fractuxed>all fragments are temporarily plates alone. In this case plates at the infraorbital rim 

removed, which exposes the interior o 1 the sinus ami the and pyriform aperture stabilize ihe fragment. Before 

nasofrontal duct. placing I he plate at the infraorbital rim the articulation 

The orbital Moor and the infraorbital rim are exposed of the fragment with the nasal process of the frontal 

through a lower eyelid incision. bone must be ensured to avoid maltolation. This frac- 

Type I fractures undisplaced at the internal angular ture is stabilized by a 1.3-mm plate at the inferior 01 hi 

process ot the frontal bone do not require exposure with tal rim and a 2.0-mm plate at the pyriform aperture, 

a coronal incision but only the lower eyelid and gingival Microplates arc not sufficient 10 stabilize the fragment 

buccal sulcus. against rotation. 

Type tl injuries (see Fig. 4.3.3). The ligament bearing 

4.3.6 Diagnosis fragment is isolated without stripping the ligamentous 

insertion. Temporary alignment of the bone fragments 

Clinical Examination. Ever) injury to the central midface with wires may facilitate reduction. Two 0.3 mm (2H- 

is suspicious for a NOE fracture. The clinical examina- gauge) transnasal wires are passed through drill holes in 

lion should include mobility and comminution of the the central fragment. The wires must be placed posterior 

centra] fragment and loss ol septal support for the nose, and superior to the lacrimal fossa. The task ot this wire 

Severe nasal fractures may be misdiagnosed as NOE is to secure the Correct rotational position of the central 

injuries, but more frequently NOE fractures are misdi- fragment and maintain the cor reel intercanthal dis- 

agnosed as nasal fractures. An a* curate diagnosis can be tance. Mmiplates, 1.3, or microplates are employed to 

made with bimanual examination. [urtheron motion of stabilize the multiple small fragments of the nose 

the canthal-bearing segment can be detected between (Fig. 1.3. 3b). or. interfragmental wires can be used, 
finger and clamp, placing the clamp internally and the 
linger externally, Heinle pressure on the nasal dorsum 
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4.3.8 NOE Fracture-Related Problems 



Type III Injuries (Figs. 4.3.4). [n Type III injuries the cen- 
tral fragment is too small to be used lor canthopexy, or 
fractures extend beneath the canthal insertion. There 

may also be even avulsion of the medial canthal liga- 4.3.8.1 Lacrimal Duct Injuries 
ment, although this is a rare event. Reconstruction of 

these fractures requires a direct transnasal canthopexy Lacrimal duct injuries resulting in obstruction are 
after bone reconstruction. Initially the canthal ligament present in less than 10% of fractures involving this area, 
is completely detached. If a bone fragment is left Primary exploration of the lacrimal apparatus is gener- 
attached to the canthal ligament, it may interfere with ally not recommended unless an open laceration has 
direct canthopexy. Small bone fragments may be aligned divided the lacrimal system, 
and fixed with 1 .3 or micropores. 



4.3.7.2 Transnasal Canthopexy 

There are two important steps in canthopexy: First the 
ligament is identified and transfixed with a suture. This 
is done through a small transverse external incision 
medial to the palpebral fissure (Stanley 1979). This 
suture is passed directly to the internal aspect of the cor- 
onal incision and to a separate set of transnasal wires. 
The second step involves choosing the insertion point 
for the transnasal wire. It should be chosen posterior 
and superior to the lacrimal fossa. In some cases, the 
fragile bone of this area is comminuted. The insertion 
point of the transnasal wire must then be constructed. 
This can be done with a bone graft lixed with a miniplate 
placed along the medial orbital wall. The wire is then 
passed through the bone graft, or one of the holes of the 
miniplate (see Fig. 4.3.4b) (Hammer 1995). The bone 
graft must be positioned with a miniplate to be stable. 



4.3.8.2 Frontal Sinus 

The management of frontal sinus injuries is discussed in 
Sect. -1.6. 



4.3.8.3 Skull Base Injuries 

Associated skull base injuries may be repaired transcra- 
nially. For skull base injuries localized to the anterior 
cranial fossa, "subcranial" management (a minicraniot- 
omy) is often another option providing limited expo- 
sure. 



4.3.8.4 Orbital Reconstruction 

Section 4.5 deals with the management of internal orbi- 
tal fractures. 



4.3.7.3 Nasal Reconstruction 

The nasal bones are reduced and stabilized with mini-, 
microplates or wires, and the glabella and frontal sinus 
are reconstructed by bone reassembly. If there is lack of 
septal support, dorsal nasal bone grafting is necessaryto 
reestablish the height and anterior projection of the 
nose. Cranial bone grafts or rib are the choices. To allow 
precise placement of a rib graft and provide columella 
support an open rhinoplasty approach is preferred 
(Fig. 4.3.5a). Placement of the dorsal nasal bone graft 
and fixation to the nasal root with a miniplate are shown 
in Fig. 4.3.5 b.c and see Fig. 4.2.5 b,d. Nonabsorbable 
sutures suspend the cartilaginous septum to the dorsal 
graft. The tip of the graft is placed underneath and 
between the domes of the alar cartilages. In this way a 
naturally appearing, smooth nasal lip can be obtained. 
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4.4 Zygomatic Complex Fractures 

Contributors; Bernard LMarkowhz 
Paul N.Man son 



4.4.1 Definition 

Zygomatic fractures include tiny injury which disrupts 
the livf articulation* of the zygoma ivith the adjacent 
craniofacial skeleton (Tig, 4.4.1): the zygoinaiicofirorilkil 
suture, iiifraorbital rim, zygomaticomaxillary buttress, 
zygomatic arch, and zygomaticosphenoid suture. The 
degree lo which tin- sutures are involved depends on the 
direction and magnitude of the fracturing force. Pis- 




Fig. 4.4.1 

'] In; five articulations df the aygomij wiili i ho craniofacial skele- 
ton a re visualized. Any of the multiple z.yjjoinalk tWfi I Lire rites 
may l>f exposed either to vonlirm alignment or to provide fix- 
ation. 

The best ureas ro determine reduction are the internal sur 
tacc of ibe orbll ®. and ihi- ?.ye,uinaikorna:dllary bullies* 9. 
interior orbital rirn ®,an<l the Zygomatic arch © Uhe multiple 
articulations of the zygoma). 

toast! The placement of bone nook nndei neuih malar emi 
ne&Ke allowing reduction of the fracture in un anterolateral 
direction, 
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placement is parallel U» the dirccliMii arid liirce pf I he 
injury and the action of the masseter muscle. Regional, 
monoarticular fractures (isolated zygomatic arch, eb . i 
are also seen. 



4,4,2 Treatment 

I > i ■-. j -J,i ._ t-'d Or unstable zygomatic ffactuttfS benefit [FOOT 
open reduction. The extent of open reduction is deter 
mined by displace men I and comminution ol die five 
■ iri k iil.ii ions. There art- two reasons to explore any ol the 
mull i pie zygomatic fracture sites: to con linn alignment 
and to provide li xi.il inn, Operal ive exposure may be used 
(or one or both purposes. In many zygomatic lractwiv;-. 
the decree of stability and the minimal displacement do 
not justify open reduction. The majority ol displaced 
zygomatic Fractures {type I; fig, -1.4.2) may be managed 
with inferior exposures and stabilization. Fractures 
which exhibit lateral displacement ol the zygomatic arch 
(type If) (Figs, t ,4. V) require superior exposures inaddi 
tlon to interior approaches <sec Figs. 2. 1 , ■--•)- 




Fig. 4.4.2 

Low energy sygewn ffai mm Ni) loti ral dlsplitcettwnl "f the 
.u-di.ln this case ui iiui i"i ajiproacb. 



4.4.3 Exposure 

For details see Chap, 2 



Inferior orhitaJ exposure 

- .Soluiliriry 

- rxlcndcd subciliary 
Transconjunctival 

- Lateral can thotom J 

1 1 : i •■ ■ i I'M rnsxjlilry exposure 

Gingival buccal sulcus fqefcton 
•Su peri o r n rb i I it I e x ptfs u re 

- Brow 

Lateral limb ul upper blepliamplasty 
Canthal dclaehmeiii with lower eyelid incision 

- Ciitonal 



4,4.4 Reduction 

Reduction ol zygomatic I radii res is performed through 
a combinulinri ol illusions as explained in Chap. 2. 
Exposure of I he fracture site provides an opportunity to 
confirm alignment and provide fix a I ion. As a yen era I 
principle, alignment \\f the zygoma must be confirmed 
in at least three areas and fixation in at least two, An 
anterolateral and superior reduction lorn', directed 
from undernealh I he media] nspet I of the malar emi- 
nence, is usually necessary to reposition the displaced 
/Vf,oina. 

One way to achieve this is via a bone hook, which is 
introduced underneath the malai eminence ihinuyh a appfpach required. 




Fig. 4,4.3 a, b 

lti^ls-cntr^y' /ygonij fractuie. Cnnsideir$:We lateral displace 
men l <il die /.y^o malic arch Qiidtlisplacemenl ol body, <-.iHi>ual 



i. I Zygomatic ("mnploic l-'racHiri'.i i i c , 



mii.iI] 3 mm incision in the 4uu of the t'hcek >: r^. 1. 1, i , 
nisei), fin I her .law. 1 , fe adneyftd iLuuu^h either llw 
mouth, ilif 1 1 ( ■ | > t - 1 • .jii us incision, or Lhti external ln< E : 
sums by dividing the deep letttpoin] i a seta above iho 
'■mill-., nrch. near the ./ v^oniatii, i tfrni idit .suture, 
exposing 1 1 H' lempurnlis trasBcIe, and ihen placing ,i 
blunt elevator (suuli us Dinpm'an ) behind the malar en ii 
nence.A lorce opposing that ol tht infiirv is gen fro ted. 
end the teictuie is reduced. 

For intirtoitil ceduCEion ibe zyHomaticomaxillan 
buttress is followed superiorly jo its junction with the 
malar eminence. At times fibers ol the inn:-; nr: need to 
be deviired, A blunt elevator is positioned beneath "he 
eminence pf within the lateral aspect ol iho maxiJI q j 
sinus and an appropriate reduction force produced by 
delivering! orcein I he malar cmineriLe, Movement <>J the 
ill, I 'laced bone iniu .i n,o i imic alignment is sometimes 

predated by a "flick.' 1 ,irnl rmihrmed by inspect Lng 
each bultrtv. arth illation. Mirmr adjustment in pogj 
lion arc performed with Brown forXep* prior Hi fixation 

I Ii'- .-'vjiomalii, ospbeniHil .-.uturi:' is ,1 conimnnly <". i i 
looked determinant ol imatomii ,ilignmenl (we 
Fig,4.4vJ ),1 'oreadt lable expel ieme is required lo appre- 
i i;iii' ill'- USe 61 this ,ire,i a 1 , an isolaied frmliuv aliyn- 
lAerll si1i\The /ygomaliLnihii.viiliii y I mil 1 1-.:-, [jjsm v,u el- 
leu! determinant. the inlranrhital rim Cs a good determ'i- 
n,ml, .ind Mil 1 y.yymiiuiicofroitlal snliire is ,i pool 

i rrnJnijnt uf proper reduction. /'veni mil i, -.in. I* red in. - 
lions sol,s midf.il i.ii width and, reciprocally, nial.u emi- 
nence projection {Table I, I), 
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4.4.5 Stabilization 

I In: 'stability"' of Iho reduction ulein inined by 
di ■"!' •'■ ol comminution within the ^gDirinffc tomple.* 
and at its arLLctiluin.i,', :> determines the type and nunc 
In.t ■nl fixation devices to be used. 1 iequeii'ly IJ and 
muuplanng systems (IJ and iLQ) are used in combina- 
ii"ii. Low profile l.,^iimi plaiesnre Jess conspicuous in 
areas where devices may be visible and palpable (infra 
Orbital run;, but they may no! be sufficient to ensure 
rigidity 81 the /lyyomatitolrontal suture. I he stronger 
but larger 2.1) miniplate 1 , are besl reserved lor areas cov- 
ered by adequate soil I issue l>.yj.;mualrcninai'ullary but 

■' • vgnmalic arch, and in some cases lEygpmatico- 
firontaJ suture; l ; igs,T-LT- l.-l.i •; •■■; ••.• also Tabic LI J. 
Hi'/ . V : .- • 1 1 1 ; 1 1 1 ■ -. • 1 1 . - . i r . 1 1 snhirr i i ml runs- 1 he slrurv 

bone Ii •! Jtabilfoation; the /.yj»oniaii. um, miliary puttJ 

•d location liu -.uliilizaliort, The utlei'ior orbital 
inn and zygomatic ftrch WB I ■' 1 1 areas lor stabilization 

ih^.T-l.-l-tAtO. 

Type I Fractures. Numerous plating ■... berne*! are &Ui t t$j}- 
luJIy employed fm the ittflbiliieation ol zygomaii< Frac- 
inres, 1'iaclure slabiliiy uuixi be mnsidered rarelully 



alter uSe initial leduLtioii niijmenvei', and appinpraate 
plates chosen fbi li.\uiion, f/raclures thai "'snap" back 
Into plsfi r and are stable have d liferent fixation require 
monls(l'ig.-1.4.'H ihan minries lh;it ne i omiTiiuuletl and 
require positioning piaci. im-i)1,.sui:h a/i leiiii'.;-i';ii y mler- 
'H/seoii.s wires, or tonstanl reduction force to mainiam 
the position prior lo rigid fixation CPigsi I A % iA4ki 
fear I mO). 

Formnsl lype I zygoma hactures .stabilization of the 
inferior prbitaJ rrm, '/.y gonial tcomaxillary bultress, and 
zye,omaiu..dr(mlal suture are rnulinely advised I ■, . 
Fig- 4»4iSJ. liable injuries nlay have IWO plate luiitioris 
I .'■'■ Pig, 1. 1. 1 1, The initial hxalion is provided by .si least 
a miniplate at Ibe '/.ygornaiiioli-^uial sulnre or Ibe 
.■•;, !■.'•' 1 1 . 1 1 1. nniasillary bullress while die renunuder of 
ibe Fracture sdtea may llten be managed with U plates. 
When die bullress is cmnimmued, or Mil* frik lure pat- 
tern is nut conducive In nucioplaluij',, mini i plates slim i U I 
be pbuK-d ,n iln ^ygomaliconrnntaJ -ailure and /yguma- 
licomajcillary bullress. Mil MijdaU's oi l S ; system- pi i 
are placed al Ibe inferior nrbiiii] r mi 

I'll.- 9ft"' or I in" L or Y miniplate is be.sl .mailed for lite 
/yjioni;iiii oni.Kiillary bullri". 1 - i m.'.' Fig, I I, "-n. The lovv 
prohle mini-Dt; plate CM tht 2,d, 1,5-01 j',3 sysiem ts tisi 'I 
at llii- i ■vjjniii.it iteilronlal suture (Fig, 4.4.<r>, insels ) -3). 
Savw boles must Redirected away Eirom tooth i -. >-. m .. near 
I he. maxillary alveolus. A single 13 plate usually sulT: 
a< the iniri ior fifth 

Type II Fractures, t'ot type II fraLtnres (Pig I.; 'I, in 
adJiiion to I he described anterior pen nls ol iixaiiou, the 
,yv^iir>aiN arch is exposed, reduced, and stabilized. 
Zygomatic arch fixation is the initio! Step in the sialul 
mi ion ol type II fraclures after eventual placement ol 
positioning wirea at the /' I sutuise and the mlraorhilal 
rim. The an lei ini ai'tkulalniri', Sffi Mien sLibili.-rd as 
described above. 

The key lo correct zygomatic arch reduction and sta 
bih/alion is the appreciation o| iis normal anatomy, 'I he 
", I'oma'k arch is uoi a irue arch bul Is siraif^bi m its 
niiddU- portion h is best slabilized with an adaption 
miiiiplaLe >M the ?,.o system, lashioued by "iiveribnn. n 
ing" i lie central /one and then securing the reduction 
With 2.0 W lews (see Fig. -I/I.tij. At limes an oblique sag 
iltal friiLlure al I lie poslerior m.|'< • I ol the arch may be 



i.io CifArni i < rafliofai-ul fr*» fturef 







M ■ Zygomatic Complex eruelures. 137 




Fig. 4.4.4 

4 Hv^.-jiliiu- fixation of die zygoma, Miniptate. f 1.3} fixanon at the 
infer iur orbital rim and miniplateUUi) fixation atilv: Bygomat- 

kfl-imni,ilsijjuic.'flii,' \hie* imelt show flit yarioux opiums In 
between I .3 and i.il adapt ion plates al the lateral 01 bital rim. 

Fig, 4.4. 5 

^ .Vhniplale fixation in a comminuted fracture al direr atlterioi 
fracture sites.. MmipLilt: fixation at Ihe z.ypoin. ( l ir, .1 t...nl.il 
sulurennd zygomaticomaxillary kilt Jess and 1,3-mm plule li.v 
utiim al ihe nrbit.il rim.'l he limbs ni Ihe I. nrY ininipJate in ihe 
ngoiiuilitmnaxillary buttress must be benl around nmih 

I'M 'Ik. 

A Lander I, or Y miuiplale is besl raited for I he comminuted 
y.i-omancomaxillaiy 1 Mitt ns.s. fheserj urate bu I fcreSS one men I 
is Jag-srrt'ived In the plate. 



Fig. 4.4.6 

Miniplaie lualinn in a comminuted fracture of ihe Jaler.il 
lippei luidface. In addition to Ihe fixation type in Tig. 4.4.5 fix- 
ation ol due -zygomatic aidi is performed with a U) miniadap- 
tation plale. Inset 1 lap, screw luation for .1 sagittal Ifiictureal 
the posterior aspect of the arch. t>>*\< r ->, plate fixation for the 
r,n,< u\ Lhe glenoid fossa Jmk\ I \ show ihe various upt;ons 
Jim Jixation at ihe /ygomalico-fmi ,:nl st *l .11 e 



managed with a lag screw (1,5 ©f 2Jj mm; see Fig, 4, -1.6, 
insei 2). Screws should he diverted away from ihe tern 
poromandibular ;ninl. Plating (lie rool ol (he glenoid 
fossa may be required prior to arch phi ling l.uv 
Fig. 4:4 .f\ inset 3). A lag screw may be placed th rough otic 
of the posterior holes of the plale. 



4.4.6 Internal Orbit 



Once the external orbital rim is stabilized, the inter mil 
orbil is evaluated and its continuity assessed. ]f a defeel 
exceeding 5 mm is prcsent.il must be eninrly exposed 
and stable k-dges identified lor grail stabiliy.ation-Orbi- 
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lal w.ill defects larger than I - 1 cm are grafted with split 
(outer tabic) calvari.il bone grafts or alloplasl (Mcdpor 
1.5 mm or polyvynil sheets}. Titanium plates alone are 
used lor small nr large defects (see Fig. 4.5.6). Skull outer 
table or split rib grafts are used For larger defects, drafts 
must be placed accurately to restore orbital volume. 
Globe position, because of edema, is frequently an 
i m pro. i si- truide to adequate restoration £>l orbital vol- 
ume. Once grafts are placed. globe motility (forced dilu- 
tion) examinations are assessed and compared to pre 
and postdissection ductions. The grafts are then 
anchored with lag or tandem screws. If complex (three 
or fOUI wall fractures) are present, internal mesh or 
stable fixation should be used to provide a platform for 

orbital volume correction (see So i. 4.5). 



4.4.7 Soft-Tissue Closure 

Strict attention must be given to layered closure which 
includes resuspension of the sofi tissue. Lateral canthal 
reattachment is performed if the cantlms has been 
dciaJu-d (see l : ig. 1. 1.9). The lateral canthus is isolated 
.\i]A .i A-0 nonabsorbable suture is passed through the 
cantlms and hooked through a plate hole .it the zygom- 
aticofronta] .suture. When an extended transconjuncti- 
val incision is used, the divided cantlms is carefully reap- 
pniximated.The malar tat pad is resuspended loan orbi 
tal rim plate with .) 10 Prolenc- prior to closing me 
periosteal incisions in the lateral orbit and interior orbi 
tal rim. The lower eyelid incision is closed with a Vicryl 
muscle suture. The skin is closed with interrupted 6-Q 
plain gut sutures. 

The coronal incision is closed in two layers, the galea 
with 2-0 Vicryl and the scalp with staples. The supexfi- 
< i.il layer of the deep temporal fascia is repaired with 2-0 
Vicryl as is the periosteum over the cygomaiicofrontal 
suture. 
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Avoiding Complications. Problems associated with zygo- 
in.it ic fracture treatment can nfien hi' ■ ■ il by pre* 
diagnosis, careful dissection for exposure, anatomic 
reduction by direct observation, stable fixation, the 
appropriate use of bone grafts, and suit tissue closure. 
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4.5.1 Definition 

F-tAvlurt-s involving (In Mt»il IT ■ ■ •• n ni* nt injuries llul 

involve mull i|'l'' -mi.'i-iI &pa i.iliu"., I og idi u| 

fr*tmtf ' .' ; ii rlu mini i in. conioderafefy Miuph- 
fnctattJHMCf imoKr<iiilv ,« portion oTrJic interna) bone 

I ..I ili> m : i ; j i . n i , .mi Mm 1 , i iTiiLture, Murf 

< MiiiiTioiily, multiple poi EioiM ol ihc(nhii .1.1' fractured 
i .i'i 'i. orbital rilW i lid seven I mli'trul 'ntnr.il v. ill 
Ihcretitrtr Injured srinultancou*!)'- Mum fractures o( |h« 
mi bil ih'. irhiu- reqini b rtiifofliziitlon ft! both theiiff! and 
'In.' inter ruJ portion! oi thd orbii fl'lg. i.&O" Ehe 
■ i approach) i"! » jN 1 1/ 1 n i; Irati mo «»f i Itr r in n 
*rc dbcuised in ihv Sect -f l rod Chap - bd 
mi" . i mm hen: in ilu i miU'xt at (I broad ri.-« ■ ■ i ■ 

r.v |'. i ip i 'M i 'in I - i._ =- n i ■-. o| thv iitlml 

,\\ j fviivul prnuij'li iheorbtlal nmi* letoruirui hd 
im Mi Eractun 'i pa • . ■ ii I ' M Eabiuxedui 

ihIju i ,i in s. SiiiuillaneiKi'.ly Vtauttlfating RfttHlptl 

mi iiiriiiurTK increase! tin artoticyof thefetfuc 
iM»n.lni!uillh.inlcrlr^mciii wiring or i«»i <w" 

itiOH IM i | l.ii' |H.- ' ■iii|'"i,iry bill Bdjhj iliil.U 

It ligol r<in M^mnilv Sl.iMv fiMlion llu'ii .i.iIh 

hiti th-. n while tirtkil adjustment i» pfw Wed by 

manual 'umg. 

buiiy ornli " i , i v tot conceptualized in anterior, 

idle, and poaterfar tactions (we Fig UM) Theante- 

nor lluid of ilt« - 'irbii hi ilir ihii.lt body oibnal tint. Tlie 
mid le section e ■ Ml In ilmi tnd nftcn bn 

before (he rim, absorbing faetun ftrntem J'lit- po&tej Lai 

1 1 (ion ol the »irhii 1 1 I 'ml i iliii 1 - protected fti 

lure by the dudocatlon u| the anterior and middle 

orbital segment 

I |i.'orhii l ilriiiiis.lividedinmihri>L'^^im'ius:vi 

,. the gucrambital medially, the nasmih 

nnndjl section; Ij it-rally and talefiudy, ihr fygpmatU 

"Hi Tlic Mipraorhjrid regi •ii.-.i.-.i ■. mi the frontal 

bofti I'li'i illv timi ih. frontal aitm% medially; the section 
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I fi* "il U "I !l '- ll 'l^ I'lf'T'i'i 1 ■ ' r I ■ 1 1 I he HI 

iul mini •-* b anterior, mlddW, and peaicriui 

thi srtenor thiol of tbeoi I . i i 

I •, Mihual run . I.' I'.lr.l iTiiM 1 1 . i . i i' iimmn I In' mil 

llll.l llU'l't' i | Ml'- .H|'l i ii ■■ I ■• thtl 

jrru. and rvR^nMiii section. Thr middle mciiuh «»f the orbil i* 
ihin. often breaking brloo* »lir rim jwl j:nn«»H tH lour *r* 

in in.. i. pi i i ' mI " \u thick ami! imiii.iiii'. 

'In ..i|.,'l |.:n i id ml, -i I'll.ll 'l'. Mi. .'Hil (.111 ",Hk liH i 
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hep ins medially at the fmittomaxilla] y SUlure fl lie junc- 
tion ol the internal angular process c*f the frontal bone 
with I he frontal process of the maxilla}. The supraorbi 
tal area extends laterally to the zygoma licofrontal suiure 
and the external angular process, of the from ril hone. The 
lateral and interior portions of the orbital rim are 
formed by the zygoma lie" hone. The lower 1 wo- thirds of' 
the medial orbital rim represent Ihe nasoethmoidal 
area; the important characteristic here is lite attachment 
ol the medial can thus with the medial horn of the leva- 
tor pajpebrae euperiofisi^nd ilu- media) attachment of 
Ixiekwood's ligament around the superior aspeel of the 
lacrimal fossa. 

Whit nail's lubercle is located on the inner aspect of 
the lateral orbital rim, 10 mm below the zygoma tieo- 
irontal suture and 2—1 mm posterior to the anterior 
margin of the lateral orbital rim. This provides attach 
ment to the lateral canthal complex, consisting of I he lat- 
eral canlhai tendon, the lateral extension of the levator 
tendon, and hock wood's suspensory ligament. Three 
foramina perforate the superior and inferior orbital 
rims. These are the supraorbital foramen (either ;i fura- 



The root is bowed anteroposterior! y and medioSak'niUy, The 
door inclines al a JO" angle from anreriw to posterior I "I • . - 
floor of rrit: nrbli contains a posthiilbar const rkr ion. The optic 
foramen- is located posterior and superior to the usually intact 
ion of the orbital floor, y?- SB nirn bdiiml the rim. 



men or notch) located in the supraorbi tal rim al I he lim- 
bos of Ihe cornea in straight forward gaze, and the infra- 
orbital foramen, located ft- 10 mm below ihe inferior 
orbital rim, parallel to the limb us. of the cornea when Ihe 
eye is in straight forward gaze. The third foramen is ihe 
zygomaticofacial loranicn located in the lateral section 
of the malar eminence. Because ihese openings weaken 
the bone, fractures commonly occur in these areas arid 
bruise the nerves and produce symptoms of anesthesia 
or hypesthesia in the nerve distribution. 

The middle third of the orbit is thin and is composed 
hi lour sections: the roof, medial wall, Moor, and lateral 
wall. The roof is a portion of the frontal bone and separ- 
ates the anterior cranial fosse tmm 'he orbital cavity. 11 
is a thin extension of the supraorbital rim and Is an tied 



-|.'i - Orbit ill triad ures Mi 




Fig. 4.5.3 

The medial w.ilj Separates die orbil from the elhrtiotd sbntii a 

and nasal cuvKy.Thrie is u postbulbilT consl lie lion isf ilv 1 .1 1 -.ii 

behind rht,' globe in the ineduil wA\ god Boot* The medial wall 
i'i'ln" tlj . n lint' Willi Uic tipl ii: fi»ri?imcri posccrLorly. . 1 J f .' ,.n 

mm t ' 111 :. .■.!;■ I 'nr.nnru. Chi', postei Kit ulhiumdul foramen. 
7 he lateral utlVt! jr, formed hy the eiealerivirij*of the sphenoid. 
The unlennr lip (jf the split'] mid is usually fractured in liiyn- 

tmergy orbital ftmcttxM^Aligniiiciii tjf the lateral ofbil m mis 
one of th* mosr acearat* guides to vnln me re.siiitatiun. 

superiorly, anu-mpOsteriorly-, and tried iota lerally, Il Is 
important to recnnslnm ihe contour of (he roof and 
Hoot (PL:. 1 5.2) in accord.) ih<' 10 its curving structures, 
extending backward Irom tht: supraorbital rim, pemijl- 
1 1 up a space lot die globe in its proper position, The roof", 
from anterior to posterior, first inclines- upward, thill 
posteriorly, then finally interiorly near I he nihil ftpex 

The medial wall of the orbi I consists of the thin orbi 
wil phue of the ethmoid bone whii.li separatees the orbit 

m the ■ ethmoid sinuses and nasal cavil y (Pig. 4.S.3). 
I'he medjaj wuJI ot the orbit is lornied by I he ihin orbi- 
tal platt- of 1 he ethmoid hone tall gains .strength from 



multiple partitions ih rough the ethmoid si mi sen. Ante 
1 101 ly ihe lacrimal bone and us crest articulate with the 
Irontal process nl the maxilla. The antei rjem and poste- 
rior ethmoidal lorannna m the medial wall or' the orbil 
are at I h l- '.aim- vertical level as the oph. 1 anal, The eth 
moid foramina MB located 24 and 35 mm, respectively 
rom the anterior lacrimal crest and serve as guul. . s to 
the Opliq nerve located 40 45 mm from this bony land- 
mark and 5-H imii posterior lo ihe posterior elhrnoiil 
foramen. 

Til*' floor oi Ihe orbil P.epnmt,CS Ihe orhil front Ihe 
maxilla ly .sinus. The orbital hour has ,m inni.il •T.iIIi.hv 
urn vex .section behind the rim, then fading upward 
behind Ihe globe, and Ini lirtes 10 meet ihe medial wull. 
creat iilg a dish net buJpf behind flie globe (see F!g.4Ji2:), 
These convex curves nl (lie medial wall mid floor create 
a "postNilbflr umslticiinn" of l lie uibrlal cvrity {ate 
Pigs. t. 3. 2 and TV i, i, which must he reconstructed when 
the urbit is rebuilt following fractures, tienernlly floor 
bad li res first involve the floor medial lp the inlraorbilal 
nerve gi oxM 01 canal and ihen extend lo Ihe tower hall 
of Ihe medial wall of (he orbit. 
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The laleral pOffklll Of Tilt: nihil f'-n' Figtf. 4 4-1*44 J) 
i'. I'MtthaJ by the greater wing oT Mil- sphenoid, which 
ii n. ii 1 . 1 1 ■■ ■■ with Ihe orbilal prpeeSis "' 1 1 : - ■ Eygonaaf- 1 ] In- 
/.y r >'.i»tnii and theaiileiror half of 1 1 •• ; : ;ir.iici wing o\ Ihe 
sphenoid are commonly fruclured siiiiuli.nu •■iii.sly. 
Achieving alignmcnl nl" the entire laleral orhil \& (mi Of 
I he mo.si i i iin.il i nMipiiiiimJ.s of orbital volume restora 
I ion 

The postefior llihd ol the orbit is constructed of 
thicket bone and incorporates ihe supei tOf ami ink-rim 
orbital fissures and ihe optic loramen (sec |'ig. 4-v J), 
rbe .superior orbilal Insure is surrounded by the greater 
and lesser wings ffll 1 1 ■ ■ ■ -.plienokl hnne, Imporlanl si rue 
Mi res passing through this fissure Include ihe I bin I, 
lourth.and six 1 h cranial nerves and the ophthalm k ti h i 
.Sinn nl" l In: irigenunal ncrve.The inferior orbital fissure 
separates the orbital floor from i In,: lateral orbital wall. 
I In' intra tub) lul division ol Lhe maxillary portion ol ihe 
trigeminal nerve, I lie zygomaticofacial nerve, and the 
iiiliaurhital urh'i v .ill pass through this fissure poster! 
orlv Anteriorly the inferior orbital fissure contains 1 1 1 ■, . i 
mentous structures, i.ii, ,n:d ....ms. The optlf loramen is 
contained within the roots of the lesser wing of ihe &phe- 
i n m I tKHK 1 1 id I ran.smil.s I lie optic nerve and ophl hal ink 
artery. II is located 40- 45 nun from llse iiilerior orbitfij 
rim and i.s distinctly higher than the orbital floor, w! n, h 
'.ri yes U ? proles. I Mm dissection. 



4.5.2 Diagnosis 

fractures of the nihil are diagnosed hoih by physical 
••: ,i n i i i in' i i *n and computed Ninioguiphy (i i , 
1'ig, 4,5.4 J j. Cf scans are obtained in the axial and i OiPQ- 
md planes with both binie and sofi-tisMic windows lor 
each orientation. A thorough physical and ladiogruphk 
i \,im dun ion is requisite to a salisfkctory plan for recon- 
struct ion. This shnnldioosist of. i l l-.h.il inspect ion, pal 
pat ion, assessment of visual acuity, visual fields, ftrndtl 
copy, ami rscssment ol intraocular pressure. I.">uetiini 
evaluations arc Indicalad when there is diplopia. Ihc- 
ennst common plivm.il .-iign.s Of an orbital fracture ,irc 
periorbital ecchymosis. and subcoi-umtivul hematoma; 
Three-dimensional Cl scans, while sometimes provid- 
ing additional perspecir. e, .ne mil required. 




4.5.3 Treatment 

Isolated middle section (internal) orbital fractures 
(small fractures ol the ink-mal porlion of the orbit) are 
best treated by bone grul ting < l-ig. 4,5.4 1 ■, s • or 1 he us« ol 
an alloplaslk implant, as desired, Autogenous I issues are 
; rally preferred. The bone graft or all aplastic 
implani should be anchored behind the internal orbital 
rim with Ihe "lag" or "tandem" screw technique m U 



plale. Ibis prevents displ.n em. i.i or migration ol the 
implani; I urther,theu5e uf stable fixation iniprovr ,: I <■ >i • 
survival, Ductfons are assessed betore dissection, after 
dissection, and after Insertion Of ihe implant or graft to 
access freedom of the musciil.n aj>paialiis^ 

It in imp.:, r i, i nl m dissecting a tract tire detect inside 
the orbit m identify itltacl bout! im all sk!e« ol the Irac 
(are. The posterior porl ion of iniaci hi me lormsa guide 
In internal orbital reconstruction and rep reset its lhe 
tntact hone "ledge." Pusterkirly this intact "ledge" is 
often rcrii n i.l to as ihe "pr>Sfer!e>! ledge" and is usually 
l(k:alcd some 35 38 mm behind I he orbital n in. The new 
nihilal floor .should be positioned to incline I nun (n$l 
behind the ivuhi.u in, led rim 1o reach this mtact 
"ledge." Recent sludie.s em|iha.st/,e I lie importance of 
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Rg.4.5,4a-c 

>» ' I •■'■"''■•'■m.I ' h ft p • fe of uii.-iJi.iJ iirhil-.il wall a ml 

orbital Hujoi with cvnfitdciybfc L-iilargtmeiii or the uibu 
b .srihil! JjjlIuji'hui the R.d tMnlial poi fion ol dwurhii are 

best Heated by n«. lny boot' grafting cir ,illi ii il.i',lii; iuuleri.il 

Thi- Ii. 'iv. gntJb mi illojiliistic material may Lte andivred 

oitJier tvilli ,i niu ropkik- 01 will. | I,,,; to WW, Sul-ili/ntM 

larger supi- no rand ink . t'u u i utm ■:. :.i 1. 1 ; ffitfuirei tfnfcrti h ...: 

'i"'i tulhf I'iiii i, 

l """ I ' !■'• ' ' ■ • • i . . . . ,i,.iiini either wuli i 1 1 iiKi.iLJi.il 

r>r lni)-.n.i.miuJ plating and bunt- j>mft$ p.-n ...I prirai to 

IkhiuI hi'iu- iri'hKoniful 
e Rclihini ni,i ii. ■ iijr.ij ji„oi fl (,d medial orl»iml wall with 

.iiiKw.i in iir, I Mm 'Mi in ,. .. , uriijg the correct orb: !ii I volume, 



aniilonik i. . O0i\ melton of lite btBK dt Fed i.hIi.m I km 
globe position a I .surgery Bathe best gu?d« to vnlimti' i : .-, 
mi.iIkmi. Ikiction Jests should be performed following 
the placfetnetii ol either bone or allophi'ii.. material 
These -ir r canipaisd ro duction exunihi-aTions per 
few nidi .'v/i'm t lie .surgical difiseu inn and <?/jer the sur- 
gical dissection. In rriih manner sdfi duction examina- 
tion'; from BtaiKle contusion or edema can be drstni 
guished from ttaplnacojeni o,| the musciilnfibrous 



li,;',inienl sjsslesm by llie bone graft material, kecoustrue 
lion hi ilnor ontl mat defects Irorn a lateral perspective 
is seen In the Insets of Hip. 4JM b 



4,5.4 R construction of Ethmoid Defects 

Ethmoid or medial orbil.il wall liHclurt* s ;ii c r_tit i in n u .1 ■.■ 
a portion of ,i multiple wall nrhilal injury. Symuu.ii n 
LtTii|iressii.in ol the ethmoid air pells ia frequently seen. 
Resloralfon ol bony orbital vulume requires bone graft- 
ing to reduce effective orbital volume. Several I.ivl-i 

I e graft sihould he placed ai rhe«thrnold wee It) pi** 

vide- a tlikkucss equal lu thai of the run ma] ill id 

region (Fig, l.'.O) When NUiuillanc-ou,'. defects of the 
floor and the nitfdial orbital wall are pftttertj. strut Oi 
si able uxationmatcr ul in.iv 1.,..- required In provide po.si 
tioning support for other grafts {Fig. -1.5.6). A universal 
orbital lloor plate free Tig. J JO and Fig. -t.ri.ob) should 
be cut to tiie minimum size required, The use pfn tem- 
plate may be appic-pi fate k>i contouring. 

II .should be emphasized that all internal orbital 
plyre.s require contouring, trimming of redundant 
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Flg,4»S.5 

l.'.nl.irycnien) ot medial nrbiial win 1 1 is seen by toniparisun of 
lli •■■ 'vi Jlh iif flu- I'lhirwihl Cells In a I "T uan. Several layers, at 
hnin- grafts uir placed Iu the medial orbit area through j c - n 1 1 
iu misum to |t. .. Icle thickness fiquaJ m fbp| ol' the! normnl 
Clhmoid legion u ml tii In I ltd I ly, 



wings, j ncl anchoring tabs. All I he Wtflgs cannot be lei I 
intact; most ol the Anchoring tabs, should bo Irirnmed 
i •■;■ i-pr i lit exact minimum lixaton points desired. The 
use of titanium Implants or plastii sheets in large .orbi 
til I delects exposed to 1 he ma x i llary mid eth moid sinuses 

permits the possibility ol a late in lection. With liimn 

plates the hrsl fa I e*; I ions were observed more than 
I year tiller implantation. Iherefoie the use of uulogf 
'mi. s bane alone Is pre J erred where possible a.s lale 
injection is rare. Metallic implants cannot be considered 
nl rnutine substitute for the use of' aiilogenoiis material 

ii lib-.-, i i In -r solution is possible. 

There tire two varieties ol inlernal orbital plates, Oflc 
"mjsed |..n medial wall defects. (sett b'ig. 1.20, -1.3.611) and 
one Inr inferior wall defects istv l ; i ? ' 1 ,20, •l.ii.bb), 



Fig. 4.5.6 a, b 

When extensive d&fitCU ClI Im.'Ii tilt ||t,or and medial orbital ► 
wall esifl simultaneously, n SttBl ol stable Imiucin mWm.il 

«ich its mi orbital wall plate (a) or mi oil ma I floor plan 1 f b.i ma ■, 
be leauhed loi liable positioning of the grafts. Alternately, ii 
grail can be linked in I he orbital r»m with n small plate which 
allows, supervision of position ill" the Jrinalmk't ol llir graft* 



4.5.5 Zygomatic (Lateral and Inferior Wall) Injuries 

Zygomaltc I rati ii res involve injuries to l he lateral ami 
interior portion ol the orbital rirn, The zygoma must he 
stabilized accurately by aligning it with all ol its neigh 
boring hones. A small increase in the size in the orbital 
rim diameter produces a dramatic increase in orbital 
volume; stabilizing the dimensions ol 1 he. orbital rim 
iHiiirnls orbital volume. Therekne M is important to 
achieve an cx.ul /ygomalic reduction which stahilnvs 
the orbital volume. 
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Generally the Lower and lateral portions of the orbit 
arc exposed with a lower lid incision. Either a skin mus- 
de Hap, or a transconjunctival incision wiih a lateral 
<. mlhotomy arc preferred to incisions lower in the lid 
Both the lower and lateral orbit can be explored through 

this incision. 

The superior and upper medial purl ion ol the orbit 
mus! be approached with a coronal incision. Anterior 
approaches alone may suffice for noncomminuted and 
medially displaced zygomatic fractures (a subcili.uy 
skin-muscle flap and a gingivobuccal sulcus Indson), 
The lateral eanthus may be detached to allow inspection 
ni the lateral orbit for a comparison of alignment ol the 
orbital process, of the zygoma with the greater winj 
the sphenoid. Conceptually for grossly displaced and 
comminuted fractures, lour articulations are visualized 
lor a zygomatic open reduction: the zygomatic ufronial 
suture, inferior orbital rim, lateral wall of the orbit, and 
maxillary buttress (through a gingival buccal sulcus 
incision). The lateral canthus should be reattached al the 
i lose of the procedure. The exploration ol the lateral and 
inferior portions oi the interna] orbit is .1 component of 
every zygomatic fracture reduction. 

It a coronal incision is not used, the zygomatic arch 
may require a separate temporal (Gillies') reduction 

rteuver if medially displaced. No direct open reduc- 
tion is required lor medially displaced arch fractures. 
When the zygomatic arch is laterally displaced, a coro- 
nal incision (see Fig. 2.5) is required. I he coronal inci- 
sion allows exposure for stable fixation ol the zygomatic 
arch. Placing a bone hook (see fig. 4.4.1, inset) beneath 
the malar eminence permits strong anterior traction on 
the zygomatic body to achieve reduction. The arch, if 
opened, should he reduced as Hal as possible. Indeed, it 
is tint an arch, as it is Hat in its middle portion. Achiev- 
ing the proper straight reduction of the zygomatic arch 
reduces midface width and improves the anterior pro- 
jection of the zygoma. 



4.5.6 Naso Orbital Ethmoid Fractures 

The complex anatomy ol nasoethmoidal orbital fracture 

reduction makes this one of the mosl difficult of hu mI 
aires 10 manage (see also Seel. 4.3). The simplest 
iiasoLthmoid injury is fracture of the medial orbital rim. 
lroni.il process of the maxilla is therefore dislo- 
cated, the simplest fractures show dislocation only at 
the inferior orbital rim and pyriform aperture. In these 

injuries the junction of the frontal process of the maxilla 

with the internal angular process of the frontal bone is 
undisplaced; therefore the areas requiring open reduc- 
tion are visualized by subciliary and gingival buccal sul- 
cus incisions. 

11 the medial orbital rim is dislocated at all ns articu- 
lations, reduction is achieved In coronal and inferior 



approaches | see Fig, 2.5). Nasoethmoid fractures may be 
either unilateral or bilateral. The injury is managed by 
first dislocating the canthal bearing fragment laterally 
and anteriorly (the attached canthaJ ligament should not 
be snipped in the reduction). Holes art drilled to link 
this area loosely by inter I ragmen! wires to adjacent 
bone. The most important maneuver is to place two 
wires posterior and superior to the la. 1 una! fossa for use 
as a transnasal reduction, This is the most important 
step in stabilizing a nasoethmoidal orbital liaclure, as 
the transnasal reduction ol the medial orbital rims sta- 
bilizes the mtercanthaJ distance (see Fig, 4.3.3b). Once 
all the nasal and medial orbital bones are linked to one 
.mother and linked transnasally, the wires .ire tightened, 
and the entire assembled segment ol fractures is then 
Stabilized to adjacent bones with "junctional" rigid fixa- 
tion. Practically, it is impossible to ovenorrect bony 
iiilercanlhal distance. 



4.S.7 Superior Orbital Rim and Roof Fractures 

Fractures in the area ol the frontal bone and orbital rool 
are less common than zygomatic and nasoethmoidal 
fractures. They are frequently seen in children. They 
may involve the frontal sinus or portions ol the trontal 
bone, Neurosurgical exploration requires bone removal. 
Bone segments should be marked in sequence as they 
are removed as a guide to their reassembly, frontal bone 
segments can be harvested tor bone graft by section ol 
the internal table. These procedures can be peHonned 
OH a back table while neurosurgery is in progress. Once 
the neurosurgeons have completed dura! repair, the seg- 
ments, reassembled on a back table and stabilized either 
with wires or plates ^iu\ screws, are placed into the 
defect. Remnants of frontal sinus mucosa are removed 
,wn\ intra sinus bone grafts placed to reconstitute the 
anterior cranial floor. The frontal bone fragments are 
replaced following orbital roof reconstruction. The root 
tabilized by rigidly fixing a bone graft to the frontal 
bar. The orbital rool should not be reconstructed by 
placing bone graft within the orbit, but by placing bone 
graft targent to the normal position ol the rool. the pre- 
cise reconstruction ol each internal orbital wall is 
related directly to proper globe position. 
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4.6 Cranial Vault 

Contributors: Patrick Sullivan 
Paul N.Man.son. 



4.6.1 Frontal Sinus and Frontal Bone 



Fig.4.6.1a,b 

Anterior view of Irontal sinus. The Iwo sides are asynimel- ► 
ric.and ihe sinus may be also divided by lateral septae.The 
nasa) frontal duct orifice usually empties into the nose by a 
short, funnel-shaped channel. 

Classification of frontal sinus fractures is by involvement of 
the anterior table (Inset I), posterior table {Inset 2) and nasal 
frontal duct (Inset 3), Fractures are either nondisplaced or 
displaced for each location. 



The frontal sinus is a respiratory epithelial-lined cavity 
situated .superior to the bony orbits and anterior to the 
frontal lobes ( Pig. 4.6. 1 a). 11 is irregular in shape, asym- 
metric, and is divided in the midline and often laterally 
by irregular sinus septae.The sinus has been postulated 
to serve a protective role for the ocular globes and the 
frontal lobes. The location of the sinus adjacent to the 
cranial cavity makes inadequately treated injury to the 
frontal sinus have grave consequences (Newman and 
Travis 1973). 

frontal sinus fractures can be classified by the ana- 
i untie involvement of the anterior table, posterior table, 
and nasofrontal duct. Fractures are either displaced or 
nondisplaced for each location (Fig. 4.6.1 b). These inju- 
ries occur as isolated entities or in any combination with 
other fractures. Clinical signs and pattern of injuries to 
the anterior and posterior tables and nasofrontal duct, 
visualized in radiological studies, are used to determine 
appropriate treatment, operative or nonoperative (Stan- 
ley and Becker 1987), and type of operation. 



4.6.2 Special Conditions Influencing Open Reduction 
and Internal Fixation 

There have been multiple attempts to establish a corre- 
lation of radiological findings with intraoperative find- 
ings and the degree of injury in order to develop (Stan- 
ley 1989) protocols for the various types of frontal sinus 
fractures. Classification systems usually divide frontal 
sinus fractures into the following categories: 

• Anterior table, displaced or nondisplaced 

I'osterioi table, displaced in nondisplaced 

• Anterior and posterior table, displaced or nondis- 
placed 



Any of these fractures may have nasofrontal duct injury 
(Hoffman and Krause 1991), and i| so, operative inter- 
vention is preferred as sinus function following duct 
injury is not predictable. 



4.63 Sinus Function and Operative Treatment 

There is general agreement that isolated nondisplaced 
anterior table fractures can be managed nonoperatively 
without significant sequelae. Displaced anterior table 
fractures are usually explored and the displaced frag- 
ments elevated with minima! manipulation of mucosa. 
Sinus function may be preserved in these injuries in the 
absence of nasofrontal duct injury. Injury to nasofrontal 
duct or orifice is determined by radiographic character- 
istics of the fractures, by the presence of fluid in the 
sinus (which implies absence of ductual function), and 
by visual inspection ol the duct at surgery. Dye, saline, or 
contrast studies may be used intraoperalively to assess 
duct patency. None of these criteria are absolute as far as 
predictability of duct function. The correlation of these 
tests with clinical function has yet to be established. 



4.6.4 Types of Fixation 

Fragmentation of the anterior table is reconstructed 
either with 1.0 microplates or the 1.3 system (Fig. 4.6.2), 
depending on the strength required, to provide the best 
cosmetic result. If the anterior wall is excessively frag 
mented, the bone pieces may be discarded and replaced 
with a bone graft (Fig. 4.6.3). 

There is significant disagreement on management 
strategy in the presence of posterior table fractures. The 
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. -..'.;• of posterior waJI dfetplscenicxrt is evaluated on 
j'iLii|H-tti(ivf raditil.;,;, ,i! studies, and the need lor sums 
exploration h deteocpinifd by experience and the prob- 
ability nf diiiimye to thedura and ike possibility n| sinus 
obstruction. 

The ihkknt's'; of the posterior table lias been used as 
Ihe lii ni I ol acceptable posterior wall di.splacemenl In 
which i k •■ 1 1 < ■ | ■ '-r.ilrvc manutfentenl may be uim-adered 
(Jtohrfch itnd Hollit-F 1992), S#m« authors, boi-evei 
believe that |Jic pwisanCB 'if posterior table iraclun. -., 
gflrdless of amount of di.spLKemenl, unpiires an 
exploration of the simi* to rute nut associated Injury to 
the nasofrontal duct and dttra which arc diftkull lo 
appreciate on RidiognipJaic studies (Pig, 4>G,4; Donald 
19H6}. .Sinus infection or obstruction may lead hi itien- 

i ti }^ 1 1 1 .-; Ttr.Krrc-bral . 1 1 ■ ■- .. r>.\ and may icsull toteriuUS 

uinrbidiiy it a nasolronlal duel injury is not appreciated 
and managed.'! best considerations arc cited as reasons 
tor operative inspection oi any posk-rior table t~n nihil 
sinus trad ore, 

! leah m.a displaced I ractu re is a dear indication 



Fig. 4.6 J 

1 1"- 1 " ii" ir i>i iln!rn 1 mnJb4mcmii 1 ybeiO!ii|". l ii'..l I s 

ti in ■-■• l nil, Umiil- ItagflicntH are iUihilii-.nl wfth pki* and 

■it low li K3l k>ii. Petlcr cotiIoui iin.l | , ■ ,,h. i . ■ . l . 1 1 i 1 1 > . 1 1 . - ! I - •, 

stable iiviitum rli.m hy www b. ,.:•-...' I be borne fropoi i 

he expanded and elevated m tnxiuv prop r ttintout Reoon 
Ktrqclion of lionl;jl sinus iMiiurcH wii ■, : plaU-M. Thi' tthilei 
jbctuld be hem |tj nagroduEs the ceiweji •.omim.h 

lor nper alive exploraholi. the diual tear IS ..In.. 
I . losed. VVIuti the dura] closure is weak, l Ik- closure Is 
buttressed by a lascial grail and hbnn pine f [.evineet il 
198$), fn Ironlal .sums Iractures wilh.associaled . omiti 
facial Irijttfjcs the approach has been to manage I he 
j-iuiis simultaneously with other craniofacial injuries, 
The technique oi uanidlizatioii is pr el erred. The rests, 
lance of llie Irontal .sinus to limiurr is several linn.. 
iler than ii> inidlacial areas ol the i raiuolacud skele- 
lon hut less limn llun. m rh, siirroiindni;', rmnlal bone, 
This implies thai there is a signtficrttrl cnanse ol'itsso 
cialed FnjrUrtes when ii 1. 1 ii y [q the I'm n hi I sinus is Identi- 
fied. 
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When the Mrterbn iwble Is ei»«SiV*ly cnmrninuteil, die 

' ' ' W 1 1 i:- 1 1 1 1 p !■• I '. PI 1 1 I • y 1 1 •.< . .;■ n bu 1 1 e g Rift 1 1 > pbci msl rut I 

iliraitire anterior Mrne. wull. It is sUbJliieJ widi eiThcJ I;. I J 
iCTomtem, 



My in combined extensive feactares QJ the mid face mid 
frontal cranium fl% 4&-5). If the bone la comminuicd, 
bone gratis an- used to liJI in the delivers und an Stebi 
Incd with £ci*W lixalion to the plates [Bfe \ u 5), | IMl il 
cnnhiiiring is then performed wirb a shaping In in 



4.6.5 Esthetics 

The nnrtudj farditssd &ftd cijihjI vault .shapes .ire,- easily 
ft i onstiuctttt with plan; mid sar*w fixation, espeei.ilk 
when compared lo wires, [letler cniHours and proin 
lions »ra established (set I i;,. Mil); bone gftps mm Ik 
established when expanding the bone vau.il to its proper 
Contour, Hone gralts may be used to replace cummin 
uk'd bone segments, 

1 I ' " m bmd I J -g] ate s bO r eerea te I h e s bnpe of the 
normal forehead {see f-jg. 4*38); MicropJate.s a re less vis- 
iM. beneath the sofMis.snc cover of the forehead. The 
thicker mkiiplaics are occasionally lieeetfSary tor stabll- 



4.6.6 Osteotomy 

I'l.iriur.,.':-, '.vJn, h are very .significantly impacted, or 
Which Juive aln'inl. begun to hc.M may be freed and 
tnobili/ed by cranio tome lollowinj> hucss rncisionis with 
luirr hub ... 

Bon* H.ip^.iiviiMen required lo provide exposure lor 
dilj ill intracranial injury management, Plate and screw 
Rx&titMj proves helpful in stabilizing these In me (laps lo 
promt. n- r.ipid healing and provide optimal esthetic 
i ifsulte, 
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4,6.7 Exposure 

The coronal illusion f vet- ! excellent expo* 

■.in. ,iikI i', i n » 1 1 ih;i I lot access In the n.iMilrontill il 

pqgtei int table* find lulriicTflnlal region, Bxptoi • tfi (ftj 
flic Irontjl >inus may also he perlortiicd v"w veveral 
other opprcHicbci. In vety limit [umtl'n 

i" ■r.Hii through ii Inception or .« focal lndni»n. 
• il approaches perftkit orily limited viftuatfcacioii 
■ictime* of nn ipMltitt-r.il Minis) and may iwi allow 

ll ,ism."«.tiI fill til (i.i'.nlrnnlaJ dliel I n I U 1 ■ I 'n 

studies i-.ni be used fo determine duel puiency by I he 

n 1 ! All •■ "l I lie lOnlr.ist ru.itnk.il in the nnsejli .. A*€S 

ol hiijiirr.il lnniul viiiii\ iractui*-* and in ,i!l ICWIU tnju< 

tii the preferred approach employs i i m il irti Woo 

with removal of at leani the antei lot table, 

is i ibhtcrutiun U IndL jtcd when ii,i*uirotiLil dm. t 
injury ui mill dispLumum nnpJio riiltLfl non&QCtlotl 
01 ".lionaiiin mi and |»is;lcrioi table sinur. fr.u tun .■■. fjn 



Fig. 4.6.4 

l>'. limi[Ui'<il -inn'. Obi l- I H '"i ts 1 1- i'i-Mi'ili'ib'i| ! i 

J Ihi ,111'.: IfllOl DM I - P 

ttttrit' Tlit i nir a tinut honr cortex » removed wuh a high 

■|Wt'ij buir I i *l«l i i ill. . i,. |" ii I I. ■. I ■ ii [UI I 

ilma! rjitegrity i-uJilirrrifJ. Rigid (iKntioil nniv atibttfcM pen 
nr wall hi I vim tl 'rncr.vi 
f>inrl « . IT* natal Imnul duo i* iHUuUY'd witli J boOf pi 
fftwc <fc Tin*. »in«i cm ilv ta idled: wilh paiticolaiUf bow 

Ihim Till' i .iIv.iiiiii wrlll a rieiu | 111 ;-.■• -il pel li«rrili"ir, VI I r 
.urni i' a i. en l<pd ivttlnwrHiuUtc uiii.elliMJi tumi' maiT 
l The anterior lahtc «» rriM*erobled Willi liable fiui 



• ii.i thai the probablUt) ol duel function lit tow Sows 

itiun <iee E ; ig. 1.0. 41 rcquit 

I, Removal ol nil soma mucosa 
.' Removal ol iiiih'i limit pone eorlei bj ini-.h speed 
burr 

in-. 1 1'.] in'- i ii in (i| :li.. djsplai ' 'I j ■• ■ -i' table i. Ii 

outfit* ii n d 1 1 * u i to ru 1 1 1 1 1- 1 oond 
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Umtilenof a-fi ni .miip frm s zeautm wnw 

Hi,. i lllh . i . . l-,i ! ai n "-in el ifif ptrit i im w !| 

RaMMlnKtilNlol tbeanintrtr ■vol! Qoctaionalhra galea! f 

i%*ii |» rrnpinvc Hhe »cal brtvurtm the note 4»"i l'<r 

uiii.u racial i h Itj I In floor of tbi frontali I (uwlliu! flonr 

ui ihf .interior rrattinl fbwa o«wl be »tien*ivi i «u gi iRed 
.11 ilj>viv>l i ■..inie.lui til" cilvariiil bone gMlii. The bfainU 
ilrntftv able i>> e»p*ml In fill ihcdi'lf < i 



«. rH.Jinkui o» ihe naMifronfal dlKl wilh a "formed lo 

lil • it-. . . r i J bom pall 

l hJiing m i, linua cavity Hrith partlculflte bone, 

I ui" |b« imustullv to jlluwosleogencftui tn i i 

6. Hrpfaemrrit ol the aiiter far Utile Wflfa liable fixaUon 

li k-somi-tMiH". maintained thai ii> esses ol ilum , 

ihe ilucl can be reconstructed I via the 5cw*l-Bo]rittn 
nukinal flapHntnainUu! , («v Mint i!ul| uilU- 

Ion [prok .uui imvali ill 1 3 Aft i tccti t$87)s bowevei 



the pi!" tiinii i [as in any du ntMnu lion u i h 

1 1 i « 1 1 1 ^ ■ . :■ . i r » unpredictable II extensnfl COmmifiUlec] 

Cuti ml i hi [Hit.tcriM table prevent adequate «i 
itnu tumor the po*tei tot table, the frontal -una* may be 
i iMiiiH-liml I",' n nicv-il mi (he poMi'tuir Cable I" permit, 
expansion i»l |ht frontal lobes fotO the n« w ipacc.a pro 

which lakes several mwilhs (*ee Kj| 
I in diagnostic and ireatnusm itrategw ■ fei Fro 
sinus It-aciuM'. ii.iv"? undergone rignificanl twlntton 
Short and long-term complication! utgge*! thai ihe 
nunc aggri'Mive management itiatcgy produces ihc 
he*i results. The lack d( large, wdl-conlrolkd am. 

allows the st I n el one ireatmrui pko over another 

In be based nutft "n personal pt*t« r.-'iui' than »»n .vricn- 

luidingv 
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5.1 Diagnosis 5.2 Patient Selection 

Aside from benign and malignant odontogenic and Benign mandibular tumors or turaorlike lesions 
osseous lesions of the mandible, iimiors involving the generally discovered in the younger population with 
mandible are usually squamous cell cancers arising dentition. Therefore discussion of patient selection is 
from the oral mucosa. The majority of patients present- more relevant to the cancer patient. The mandible sup 
ing with these cancers to the he.nl and neck surgeon pons the lower dental arch, the tongue and floor oi the 
havean extensive lesion which is identifiable on the head mouth structures, and the muscles tor position and 
and neck examination. Generally confirmation of the function ol the lower lip. Ii therefore (unctions to pro- 
pathology is readily obtained with biopsy and routine vide mastication and maintain support of the oral cat 
pathological examination. Primary tumors of the man ily and oral pharyngeal airvvay.and it is necessary lor the 
dlble are less common. Both these and metastatic lesions insertion of the tongue and Boor of the moudi muscula- 
may require more extensive open biopsy to eon firm the ture required for the initiation ol swallowing and artic- 
diagnosis. Benign tumors of the mandible are either illation ol speech. Mastication is a complex I unci ion 
found incidentally by routine dental radiography or which requires the interaction of synergistic and non- 
present as a palpable mass with or without dental com- synergistic muscle function. The muscle Iuik i ion varies 
plaints. Loss of interior alveolar nerve function is sel- through the full range ol motion which is provided by 
dom seen even with larger tumors, unless there isexten- the temporomandibular joint I lie temporomandibular 
live mandibular involvement. joint allows deviation, translocation, and hingelike 

When oral cancer is suspected, a routine head and opening. Maintenance of condylar positioning is essni 

neck examination to evaluate the Oral cavity, oropha tial lor pain tree mandibular motion and function, 
rynx, nasopharynx, hypopharynx and larynx, and neck The mandible is a conduit for the third-division sen- 

is indicated Careful assessment of cranial nerve nine- sory branch of the fifth cranial nerve which provides 

tion is mandated.specilically loss ol function of the infe- sensation to the lower dental arch and the skin above the 

nor alveolai nerve (V3). LOSS of lingual nerve, facial chin. In proximity in the: surrounding soli tissues are the 

nerve, or hypoglossal nerve function is usually found motor branches for mastication (V3) t the sensory 

onU with moic advanced primary oral cancers. Lesions branches to the floor of the mouth and the anterior 

which involve the mandible are by definition T4, stage IV tongue, the mimetic muscles ol the lower face, and the 

oral cancers, and radiographic examination should hypoglossal nerve supply to the tongue. Violation ol 

include the chest. One can argue the merits o\ Including these neural structures ami die soli tissues and muscles 

computed tomography (CT) *^\ the chest and media.sti which they supply is generally more important in deter 

num for advanced disease; however, a minimum of a mining function following tumor ablation than is bone 

chest X-ray is required to examine the chest for poten- loss alone. 11 the anterior mandible is not removed, the 

tial metastatic disease or synchronous primary disease, oral function may be adequate regardless ot the size ol 

deneraliy a pan ore ji view of the mandible is adequate to the bony delect as long as motor and sensory function is 

assess mandibular disease. CT examination with bone not Significantly altered. The anterior mandible, how- 

idows may help to clarify more subtle mandible ever, is essential to provide support lor the lip, llooi ol 

involvement but is generally not needed, bone scans are the mouth, and tongue. Failure to provide this support 

very sensitive, bin not specific to determine bone produces an oral cripple with speech, swallowing, and 

involve mem and as a rule are not ordered. Magnetic res- cosmetic disability charu terized by the "Andy Gump" 

onance imaging (MRU gives very good soft tissue ima- deformity, 

ges, however disease within the bone is not well demon The pathological process and extern of disease delc-i 

.strated. mines the amount of bone and soft tissue to be resected 
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Once this is determined, the treatment including adju- geon should comtnunicate his prL'U'ivnct-u* iIk- aiK-sihc- 
vamthcrapvcan be planned. Generally patient selection it. Trail is man dated for patients with 

becomes a problem only when extensive resection for poor pulmonary status. 11 is generally required foi dis 

malignancy is anticipated. Although osseous frei flaps sections that extend to ilie posterioi oral cavity or 

ultimately promise the best functional result, their oropharynx and is more commonly need ten 

increased operating time adds to the potential morbi- sive bilateral neck dissection is required. It is never 

dity and mortality in high-risk patients. The surgeon wrong CO perform a tracheostomy, and il there is any 

may choose to provide only soft- tissue closure for lateral doubt about the patient's airway or pulmonary status, il 

defects il the patient's general health is poor. Anterior is • '■ I for the patient toopl for tracheostomy. 
delects pose •> different problem. Higher incidence of 

plate extrusion and wound complications are certainly , 

anticipated if immediate vascularized bone repair and 5.3 Description of Procedures 
appropriate soft tissue cover is not performed. The sur 

aeon may have to accepl this problem in high risk 5.3.1 Mandibular Osteotomy 
patients to avoid potential severe morbidity 01 moj tal 

tty. Perform m teotomy within tin libit- maybe 

Patients who have significant pulmonary disease, car- required to obtain surgical ac< ess< Ither lor the tumor or 

dia< disease, or nutritional deficiency should be medi- lor the reconstruction. Access to the lateral skull base 

l.iIIv maximized before attempting extensive resection, and the lateral nasopharyngeal region may require dis- 

Generally patients who can walk a flight of Stairs with placement m condyle removal lo facilitate exposure. 

OUl disc oinfort can tolerate surgery. Rapid attention to Lateral mandibulotomies can improve access to the par- 

nutriiional support is mandated, and soul many apharynyeal spue, Midli ue or paramedian mandibulot- 

patients require extensive postoperative radiotherapy a amies enhance exposure to the oropharynx, anterior 

iti , tube may be considered in extreme cases. Extreme medial skull base, and the parapharyngeal space. The 

substance abuse and psychosocial dysfunction must ire- selection of the surgical approach is frequently 1 elated 

quently be addressed. Such patients are often compli- to the tumor type, location, and the physician's prefer- 

catedb) pooi nutrition, poor dental care.poot general- etice. Certain guidelines are essential to minimize com- 

ized health, and alcohol and tobacco abuseand require plications with thest approaches since the osteotomy 

team support to Optimize care. Aggressive dental care is site cannol be equated with .1 Iracture. 
mandated for all patients requiring radiotherapy. I ol- Anterior midline or paramedian (anterior to m 

lowing this careful assessment of the tumor the patient's foramen) mandibulotomy is usually performed in 0011 

general condition and preoperative function and the junction with a Up-splitting incision. Although this can 

ussion of the surgery and rehabilitation, the surgeon be achieved without splitting the lip, a more extensive 

m. iv proceed with the treatment plan. This usually denuding ol the mandible is required to displace the 

includes a family consultation to allow optimal care for superior WSOI Bap adequately to allow the osteotomy lo 

the patient. improve the exposure. Some microvascular surg 

Most surgeons choose a course ol antibiotic therapy prefer the ailtei ioi mandibulotomy approach to t'acili- 
for patients undergoing mandible resection. For less talc soft-tissue tree-flap placement in patients not 
extensive benign cases a prophylactic course given on requiring mandibular resection. Osteotomies are gener- 
al I n> surgery and for the first postoperative day is suf- ally made between the central incisors or between 
Indent. When more extensive resection with elaborate canine and first premolar. This preserves sensory func- 
reconst ruction is performed, most surgeons use a ther- lion ol the inferior alveolar nerve. The anterior 
apeutic course of the same antibiotics. This regimen ol the mandible is dissected to allow placement ol B 
provides an on-eall dose with at least a * day postoper- seven- or eight In. I. bridging plate (a reconstruction 
alive antibiotic coverage. tte, either a THORP or UniLOCK, may be used). It is 

A general anesthetic is required. Generally patients helpful to remove the inferior projection ol the mental 

can be intubated Via either an orotracheal or nasotxa process with a cutting burr (see inset Fig. 5.1a). This 

chealroute.The preference should be discussed between greatly simplifies plate bending and does not interfere 

the surgeon and the anesthesiologist, flrw nasotracheal with the stability ol the fixation since the bone in this 

route provides the most exposure without intern . u .-:kc region is dense and thick. 

in the operative site. This is more time consuming to A template is contoured lo the anterior inferior 

deliver and may be difficult if there are extensive septal face 1 t the mandible to allow precise plate bending with- 

deformities. Ipistaxis can be an annoying complication out overmanipulating the plate. The plate is positioned 

ol nasotracheal intubation II is preferable not to have interior to the mental nerve and should be contoured to 

the patient paralyzed when operating to allow observa- precisely til the mandible. Although plates .such as the 

lion of the motor nerve fund ion (i.e.. V 1 1, XII l.The sur- II fORPand the Unil.t >CK plate do not require compres- 
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H a pfaegtnem irwl fixation ol titevenrboJ mi action ptiitt 

print lo performing the i>stotoiuy. 

fa i I !■■■. ■• ••) i^f inleriorbonv I "'i' W tiOftttl the menial pro 

Cess with .1 bin i In BimpnfypJfite Application fix l in g i i 
b Mandible alter midline'' .ii.ni v I >!i bsjth sides of the i>si.o 

i ifomy dim; prm'ttn'onidly placed hetw holes are visible, 
c Fixation of ilte o^woiotuizcd m.intdhlr with a ievirn-fraje 

'■::An:-\<U: lion plnle, IcScd tvilll three .-...itws on egch side 
The innt'rnnr.i i • •,■. art- placed well awuy Irom tin q . 
lorr.y, 



ston at the plate against the bum aulacc to provide- 
sialnlity, they still i ^ -^ 1 1 1 1 t • • reasonably precise binding. If 
there: is a significant pap b*M«en I h e plate and bone B! 
several areas.it is possible todistot I the ends of the man- 
dible wrlh resultaui malocclusion as I be THORP sci 
are tightened, J 'he IJnlLOCK system use; no compres- 
sion between screwhead and plate hole. Ihe lock in-, 
mechanism us ;ichieved through a second thread uitdt I 
ihe screwhead whu h engages in the plute hole, Nearly 
pei feci contouring oJ tin: standard recnnsiruciion phi'. 
is required to avoid maipo.-.i honing m ihe mandible !>v 
Screw placement since screws without locking media 
tthm press Ihe plai aga ist the so r lace at the bene fsee 
also Fig, l.JSb d), 

Two bone screw.-, «* nun, illy placed in cither end ol 
the mandibular plate to prevent Its displacement during 
I he drilling process f Fig, 5. 1 a). I he residual .screw hales 
are drilled and rapped (if ttecBsipu yi, having preme.r- 
uredaOcI recorded all nc few Icn^lis.The screws are then 
removed, marking the end fifth* plate with a .suture to 
ensure coned f>l i.-ntalion leu pl.iU N-applkatkni, Ml 
• n -a-', and hole lengths are properly marked on a dia 
gram. I ;,n..' must be taken when self-tapping in tern aft! 
used. H possible they should only In- placed once J I they 
are placed 11 '-conid time, careful insertion along the 
same ajds ol the previous placemen i is necessary in 
ntdi'i in u lodisioil ihe exiting threaded bune hole, The 
osteotomy and surgical resection are perfon 
(Fig. 5.1b), 

ll radiotherapy is planned postoperatively, and an 

tnciww i Ji rooiis exposed or lost, the loolh, should tv 

removed to prevent subsequent in lection which may 
lead to osteoradionecrosis, It is helpful lo keep ihe inner 
screw holes empty usnig only the outer three screw holes 
tor radial ed patients lo decrease screw complications. 
This i* mi individual judgement based on the pmxinni j 

ol I Ik hole to ihe osteotomy and the chai,i.. I. r 

bone in rombinaiton with the quality ol the soiT-H'.mi. 
closure. Screws should be placed in all remaining screw 
holes i lig, •.! c), ii using ihe reconstruction plait:, ihe 
screws are placed in the neutral posit ion. T'he osteotomy 
Nile should not be placed under corn) >r e-s mi hi as maloc 
•- hi.su -.ii and mandibular distortion may result, 1 1 strews 
are not secure in the bone, they should be ternnved. 
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4 a I"' frationot » ici-m h,i, , : .m rinn plate 

pri'M in |n iii H mine iln: en iny. 

!" .1 I' n Will mI inli inn linnvpniliVliiK.-il il I'llLlI |in. 

■ -a till j kin m - i rt' - ■ I i.t - pkUeippJ Uli " m ihu xrc*. 
b Mamhlilr dtk-i Hiiiliini-d^ii ."ii'Hiv Onbtiih*idc»ol llieour 

Mii'tny llni't* proviiia i,n i. I i n n I Kill •■ i ' i Ihli 

c Pfttsflon "I id.- • .'. ■.: ui.imllliU' v.U'1 i '''I ii Ml 

n i I ill l I'l.iU'. tixcil with three *t-rcv>\ <<<• fftfl -I 

I he tnnvrminr * fr«ri ire ptacrd well away tmni I he oUn>- 



sion oi the plate igsinsl the hum- surfacx <«■ pro* 
viuhllih. they still i require ren*on»W) precis* bending II 

ilwiv is t i .stjiiiilnatn. gup bl tWfia El l* pJald And bone at 
st'vi'ial art-jN, it r- j todistaritlu cads of the man 

wnh rcMiliaul malmJusion a* the T\U W screw* 

,ii.. Iijilik-Jictl, The Lin 1 1 .1 M K sv.Ntiii uv.--. t i - • 

'.inn between screwbead aiid plate Mfc Phe Peking 
mechanism is achieved ibmiij;h ■ tenrnd thread umin 
the ti i fw lw.nl which engage* in the plufo bole Nt • 

i ■ ■: ■ 1 1 « ■ i i contain in;,: mi tin' ttancWd reconstruction plaie 
is required u» ovoid matpa thkminj of the niuiHhhteby 
screw placement Mna- icrewf without (ticking media 

ni.sm jirfislhi.' |-'l, Hx'ti^iinM llii' '.nil," '. Ol tfli I • 

•!•.■ I Ig, IJHlvd). 

Twn bone screw* are uitiiatK' pU od in either end t»1 
die tu.iiidibul.ii phile to prevent its displacement diu 
the drilling ptoi i W I l-'ir. J I B I, The u'sidual lerrw fifties 
,ir-, drilled ami tapped iii necessary), havuui pmw 1 1 
tired and recorded .ill strew length^ IV screw* Are then 
retnoved, marking the end of the plate with j Milan to 
Pixsiire corned orientation lor plate twpplication. All 

, i cWJ .hii.I li < ■ I ■ | 'kt WO prop ' irl-,. I 

gram. * .ire must be taken when sell tappme. SCTaWS are 

niseii n |im-.-i|i|, 'IkvJ Id only iw piqeed once tfthej 

,m placed ,i Recond lion i iiii'iul hi- i i along tfe* 

sitme aiU ol the previous placement is necessary in 
order not to distort theexotmgtfi led bone bole I In 
niMiiiy jjihI turgkal reset linn ,ire |u'i lormed 
:!,", 5 Uu 

It radtothgfnpy Is planned postoperatively, and an 

n, hor tooth root iaeaq I a* tost* ine tooth should he 

removed to prevent subsequent infection whkh stay 
lead to Osteoradionecrosis, ti fr helpful to keep tin UUWI 
*cre> boles emptv usinp niiiv the outer three vn.irwhnle* 
1nr ihi.Ii.iIl'lI I I • in iln ii- ,i. i h '.■• '. iini|'lii ,n . I] 

1'hi.*. i« nn tndivnin.ii iit.ii',1 iin.-iti based on the pritxtmity 
Mt tin bole to the osteotoiny and the character ot the 
l>nne in COTJlbllMtion with the quiility at the s"lt tissue 
doa 1 1 pbwb should be placed in .ill remaining screw 
hoi i 'I'M' 5. t u ). Il'iisiii! 1 , the recoofftruAtton ptite ( tbi 
screw* ans placed in the neutral pOtU Ion. The OAteolOnn/ 

site should nol be placed under t pn BwanaitnaJ 

i . in.sioii ,uui mandibular diinortiem may result li wcrews 
an- nol •■■,.,. in i in iln. bona, thev shmiki be ramoved 
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Emergency screws may be positioned in these holes il radiographs prior tn removal generally allows adequate 
the plate system offers this option. Although the 'Hit >RP plate length selection. A template is preberu to ihe con- 
and UnULOCK plates are more forgiving of small bend- tout of the mandible, planning .in adequate number ol 
ing errors, even they tan distort ihe mandibular repair il screw holes in each stump. It is preferable to plan the 
bent imprecisely. If this is noticed, the plate should be iirsi .screw lobe placed at least 1 cm away Irom the tumor 
removed and correctly bent to normalize the occlusal margin. This allows some leeway (o account I'm possible 
relationship and condylar position. miscalculation of the tumor size when selecting t he- 
Lateral osteotomies may be performed without lip plate length. II the benign tumor extends anteriorly, the 
splitting incisions. Plate application follows the same anterior cortex may be burred away to allow the plate to 
principles as for medial mandibulolomies. It is impoi - be adapted to the- mandible. It is better to plan for addi 
tant nut to apply compression to these osteotomies since tional plate length when selecting the plate since- it is fai 
occlusal disturbances result, In the cast of radiated easier to shorten a plate than to reapply a new plate 
patients compression is also not advised since bone because the one selected was too short. 
integrity is essential lor plate stability, and bone density Once the plate i.« adapted, the plate is held in place 
isdimmishedsecondaryto the diminished vascular sup- with the plate-bone holding forceps. Holes are drilled, 
ply of the mandible from the surgical approach and and the screw lengths are measured and recorded on a 
radiotherapy. Lateral osteotomies are more susceptible diagram. Alter the placement ol the plan it can genei 
to failure when bridging plates are not used since the ally be lei! in place during the removal of the lesion. It 
vascular supply (facial artery) to ihe periosteum and the plate placement interferes with adequate removal, it is 
nutrient vessel supply are normally interrupted. 1 here is removed. The orientation of the plate m.iv be marked 
also less muscle vascularity to revascularize the body of with a suture and then the lesion adequately curretted or 
the mandible than in the region of the chin. The THORP resected. II the mandible is fractured during removal, 
and I tai LOCK plate systems do not produce compres- the patient does riol have to be pl.ucd in intermaxillary 
sion arid simplify this application process. fixation since the prebenl plate has reestablished the 

i orrei t mandibular position, which is maintained once 

_ the plate is secured into position. (This procedure is 

53.2 Stabilization of Curetted Mandibular Defects comparable to that described in ihe following section; 

see fig. 5.3a-c). Cancellous bone may be used to fill the 

A variety of benign disease processes such as dentiger- bone defect either prior to oi after plate application 

mis cysts (Fig. 5.2a), giant cell granulomas, and libro- (big. 5.2c,d). If there is an incidental fracture, the bone 

osseous lesions may be adequately treated by curettage graft is best applied after the plate is positioned, and the 

and cleaning with a burr or by partial resection without mandibular « mrtour ,uid length is reestablished, 
segmental resection ■•( the mandible. Kx tensive cortical If the surgical approach was extraoral, prophylactic 

thinning by the disease processor its removal may pro- antibiotic therapy is adequate since subsequent infec- 

dtice instability of the mandible. Large defects may be tion by intraoral contamination is unlikely. If an intra- 

grafted primarily with autogenous cortical and cancel- oral approach was used. a therapeutic course oi antibio- 

Ions bone which is frequently taken from the iliac crest tics is preferred since intraoral contamination ii 

However, this does not provide immediate stability for present. Successful bone grafting via an intraoral 

the weakened mandible. If a fracture of the mandible approach depends on a reliable closure of the oral 

appears during the procedure, or there is suspected mucosa. 

instability of the mandible, a bridging plate maybe used Patients are placed on a blenderi/ed diet for 2 weeks. 

to protect or stabilize the area of the lesion. If the frac- Fastidious oral care is mandated for intraoral 

ture occurs at the time of the procedure, the patient may approaches to prevenl wound breakdown and subse* 

be placed into intermaxillary fixation and the bridging quent infection. If patients are noncompIiant.il maybe 

plate applied without compression in the same manner necessary to use a nasogastric feeding tube to ensure 

in which one would tix a fracture with bone loss or com- proper wound healing. 
minution. If a reconstruction plate is used to repair this 
t,a minimum ol three or preferably four screws are 
fixed al each segment (Tig. 5.2b-d). If one selects the 
THORP or the UniLOCK plate to repair this defect, only 
three screws are required al each mandibular end to 
achieve adequate stability. 

When the procedure is planned in an atrophic man- 
dible or extensive curettage is anticipated, it is preferable 
to prebend the plate to the mandible contour prior 101 he 
n niiival nl the lesion or the tumor. Evaluation of the 
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Flg.5.2a-d 

a Cy.-iu lujibn in ;i left niiinttlble, iip|x j iui:i.y tike 4 follicular 
Within I In- , .v.',i wutl, however, aJi amelo blat.com a was 

round. 
b The lvsi Isatl thinned ihe coffJ>E»J waits anri weakened (lie 

h-jilJIIiIl' m Ihiil trie recon.strmliiM\ plftEe was fixed prior to 

I Ik* removjl o| the lesion, 

c After rtuwvat of the leasian, the bone defect was JilJeU with 

.1 h i lions bout 1 Silken from the iliut crest, 
d Same situation as to I'iy. 5.2c 00 X-ray. Nolc fixation of I 'he 

I't'Lii'i -i i ik '..'ii i'.. Lie with rpwr»crew on each side, fheplftft 

i.lin.ild Ik' removed imlyori special EeGUesl 



5,3 J Segmental Resection for Benign Tumors 

Benign tumors or tmnarJiku- lesions, such as ameloblas- 
toma, giant cell granuloma, keratocysts, and myxomas 
may require segmental resection oi the mandible. Resec 
tlon of these tumors usually does not require sacrifice of 
the mucosa unless ihe tumor occurs in the tooth row or 
in ihe soil tissues. Likewise, patients do not require adju- 
vant radiotherapy, Both these factors allow optimal con- 
ditions for heme and soli-tissue healing. The. surgeon 
mdy ' hoo.-;c 1 rn- option of using primary nonvascular 
ized bone to repair these deled* with an expected SUC- 
1 ' ■-. rate exceeding WV 

Appropriate planning prior to resection isessenUnl to 
avoid sekc I ion of a plate thai is loo short to stabilize the 
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defect. I Spending on the local satualiona b'tlllOCS or 
Tl U ffl I' plate cnn be used, The preoperative rad logrfiphs 
(panorex) provide adequate uifm malum to determine 
the extent of the resection, Sometimes I he lesion extends. 
I ini.her than antieipaled and requires additional hone 
removal. Hone plans to place die first screw J on fecwm 
ilii- planned osteotomy with at least tour screws in each 
socmen I, tncorred plaits selection Ls unlikely, Exposure 
l» obtained with an upper cervical tncisiqii carefully pre- 
set vinn the mandibular lir.ui. h m 1 1n- hicial nerve. The 
buccal periosteum is elevated, exposing tile mandible 
surface. A template ja used to seleel the eorrecl plate 
length and to facilitate plate bending. II the plate Is ti 1 1 rc 
bent over the menial region, shaving down the interior 
projection oJ the menial process with a cull lug burr 
liel p* 1 u s i n 1 1 1 1 1 1 y plate appl ica t i on i ( see i ns e t oi lug . 5 , 1 n ) , 
This- should uoi be performed faith Uiijit-; ..xteiiding 
into this urea. 

The Correctly adapted pl..iie is; fixed with at least ivvo 
screws in each segment to ensure proper placement of 



Hg.5Ja-e 

WacajJlCffl and provisional rotation of tlie rjrCon&iriJLiioii 

libit- prior to lesei'tion <M ihe dim ere I 

Siti ntlori niter leiuoval c4 tJu« dun area. Tm tisxitfo hole* 

vdrhin each lateral segments re visible, 

KeiipnJlLiilitui nl tb* !■ COrMrUtftitttl plate idler rrrrmviil oi 

ihe I inner and fixntti hi wldi live or lour ticvevfi an nidi hide. 

Same ilt'li:.:! .: n r irr^r jnst-illori o1 .1 nonvascuhmsKideor- 

i h i •.. .mcdlmi'i bom- graft ul lItl- dim crest 

Sam< ■-. ii H..T i.:.n Ss in d. After (feecti ' UJ .nO.< ri^rly 

located flrne!oblB^Un™ primary recoiisirutilnn with a iron 
: ijai lied Ihhu j.',r.iii wa ;pei formed Note thai taeffe Ii no 
screw fixation for i ho bone graft, On ihe left tfitte ihe ht:,i 
!|4 reww.is plftced too i lose to th* cislenlnniv Ii Hf 



I lie re.sidunl screw holes, The remaining screw holes may 
be drilled before 01 after removal o| the tumor 
(Fig. SJfaj. The plate is removed and labeled lor reappli- 
i at Lent lollowing the tumor resection (Fig, 5, J b), ( Ian 
taken to free die rasusow .nul periosleuin alone, iln 
alveolar surfaic to avoid entering ihe oral cavity if poj 
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.iM' 'Vlhii i hr resection is wilhin therovvoneel.h.eni i y 
into the oral cavity is unavoidable. Following theresec- 
ii'Mi l_ht' plate is replaced in ihe correct local u an 10 atfft- 
I'Mintiilly repair the defect (Fig, ii.ic}. Precise place 

I ding and handling ol tho plate guarantees correct 
positioning of the mandibular slumps, Significant dis- 
tortitttl would require placing denial-.- patient^ m I Ml' 
.nui roeonlouring ihe plate In precisely position the 
i:uiulihk-/l he plate Is h'I'Lm. edand I .VI I is rr moved, I tie 
iiLsion and mandibular position are recks knl Tin 
nun. I ill- is put through a Hinge ol mutinn lo ensure that 

ili' i'' Is 1 vi 'lion or 'dislocation ol the condyle, and 

ilun the ocefcusiori timwji 111 remain wwracti When 

correct, the I Alt' may tie released and the .m h bars 
removed. 

Tlu |il.i- . i r '. 1 1 1 ■ 1 1 1 ol a tree nonvascular! zed hum- graft 
minicdiakiy allei iesui I tag the lunnn r- m -...[.iilr {jrd} 
under I he conditions that closure of the oral mucosa is 
easy, and dial ||0 dehiscence In |o he t-Nji.'L U'iI 
i I'll 1 ,. >.Ul,e), M"',\ ii. ( | grafts are lost if the oial 



mucosa opens up postoper.Ui wly. it hone grafting b 
successful* a titanium plate need not he removed if it 
does not disturb the patient. After full incorporation ol 
the bone |pfl ,mi I iheielore closure ol I he bony defctts 
because of the continuous bone remodeling the plate I* 
ii- ulralized and does not cause any sires* protection, 



5.3.4 Plate Application far Tumors' with Extension 
Through the Anterior Buccal Cortex 

Benign Juniors cm i .i-.iiinally eslend anlerrorly fhroUgl 
Ihe buccal cortex. I'liis prevents accurate prebending .of 
llu' plait lo Ihe mandibular contour willionl violating 
Ihe 1 1 in ii ii. There arc several po.ss.ibk- Ways to soke I his 
problem, llu' patient may be placed in IMF prior lo 
resection. If the rejection Is within ihe mw ol leelh. 
replacing the patient's I.VH following resecii'. ill .iligns 
ihe mandible lor correct plale bending and application 
If the resei lion r*|.'rii.l L . proximal lo I lie leclli, precise 
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I " '■■ if inniM^ bftiu condyle in i be achieved by thte 

nu'lhuiJ .iImii, a Mandible l-'ix Bridge (Fig-. 5.4) or iiian- 
JltmJnmmitlary rixalum With mlnipljlt". 1 2.0- H,: 5 ■ :• 
iii a leuimmjctign plate (Fjg, 5.6) can be placed to 
!:••' •[■■Lisa this aiiteriur lumor e'jrtt il&HJtl lo allow Iuiium 
n'M'i.tiun with .^i-tojuJ.iry < on Hum 11.1', to ihr bridging 
plate which iubsequeiiil.. uvoiilours the mandibular 
detect, 



5.3.4.1 Pla te A p p lication f o r Anterior Tu mor Exte n sion 
Using the Mandible Fix Bridge Device 

I. ,n ba.se p|,iu-"S wflh attachment pins are positioned 
Interiorly or superiorly mi the mandibk- at least I cm 
horn the planned osteotomy- .sites, i be hast- plates h< 2.-J 

■ i tapping .strews and are readily nppJied Jo the man 
ilfbular surface ThebridgiEig bow btJtenadpstedby its 
universal joined to • 1 1 1 1 1 ■ i •: ■ with the ^ttaduMHC puis of 



,:l 



Fig. 5.4a-d 

I'Miiiiinii ofjj lual.mn device pi lor h- rest I Hiemile- 

rtol part 01 tkc mundible. 

Situation after r..:.-... 1 1 Xoie: the lijcuim devieej u?o 

I 'I luJiliiidilTt-nTi' | ■..- Ih-.p.-.i ''ii i!iiii|..|ii.-,,,I: | ,1 ■ 1 1 , , r[ y o.mt 
On Hi. I:ii : :'. it' on the superior aspeu ol the mandible; 
I ! 0r the correct tetoiislriii.noii m| |l r - nun.U-,!,.- ihcprevi 
IHNA) 1 • i "-'-I Ini.lyinn btfVY Id reapplied, AlLiT Mini tl:-> reCOfl 
,siTUcin.ii iihitetiin b« t • ' > . ■ ii 1 1 :diii|; io the positioning'^ 
the mandibular .slumps, followed by Hv,uon wnh i.-l-mm 

:-.< I -.'VVS. 

After Im [•-:>, i' ;-'. tl Ii ivkrl will-, I hi- I'tti-L. tho «ii|> m;iy btffflted 

with u bone p i' 1 



i , Ik\scnp1iun utFronHluiV'. | hi 




F»g.5,5A-d 

a iiitermaxiEljry fijun I I • i , nuimlibk 1<i the mussllii iv ! 

llllJUfH.llfH. 

b An- i resM i i»mi "I lliu' lumen- tin- m.iiuJibul.ir qggflMflt* W* 
Im:|'I in Itttcu iim'iIi.i: v a l.iiion. 



tl base plate. once final adjustments art: made, the 
l^:vv universal joint* are rigidly tightened to ensure 
maintenance of I he bow posh ion [&&t Fig, 5»4#), The 
i I imps are then luuscricd (rum the attach men I pins, The 
bridging h&vf ]$ removed. Tlie resertlon ot the tftandib- 
ulai tin nor is mi hindered by the positioning device 
(l-'i£.5.4b). Following the resection I he !><ny is then re.it 
tacked to tHe&tse pink 1 The bridging- bwwi'eestabjlishes 

11 i- I portion of the re.sidual mandibular s^g Condylar Ji sat ion device is not avai table, a ny external lix- 

ments Willi r-ettUH ul normal condylar orientation. A atoi ol ihi' appropriate size may be used to .1. hfcvB I hi- 

bridging plate [UtliLOGK or I HORP) am ttfcfcn he bent same function. 

precisely to the conioui' of.lhie mandible m provide pm- 

itfi Iton.lll ! In' .interior botdei ol thrtttflndibleandstabil 

izatimi o| dn- iiiiindibuliir .M'i'.iiu hi : fat 1%. 5.4c), The 

impen roaj am an alhiplasiie model to help in the pre 

! iiiinaiy contouring of the plate. Expe/ieneed surgeons 

■ .in niicrally achieve this freeliand. I lie Mandible l : \x 

Bridge i\ 1r11njv1.1l once the recotiStfUjClion plate is til 

precisely m recorttom 1 lie delect (see l-ig.. -vld). II the 



I'-l 
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Ffg.s.s<,4. 

c BfldglBgofrtMrdfififd stfiln struct lots plate tlHiUXTK 

d Filling ul ihe turny detect wiih m mitogsitwu b grafl and 

riTTrinviil fil ilium imp laics. 



5. J. 4, 2 Fixation Wiih Mini plates 

l ; urlhcr means Km esl.ihlih.hing an original positioning 
of the mandibular bone slumps lire an intermaxillary 
Usnlimi wiih rnin if »l' !■••.. irom mandible tci mnxilfa (see 



5.3.4.3 Fixation With a Reconstruction Plate 

II' i.ir 1 1 ■ nscS .i plate lu solve lliis problem, a previously 
used sk-illi'/.ed reLunsti'ULllon plate may In In it! Intp.tJI 
omega shape such that the legs ot the omega attach to 



I In.' m it ma I fori mi i of I he ma ndible, ,i nd I he lu i \ 
[ion oi the omega Is cither superiorly or interiorly 
located tu avoid the bul«un', iiiuior mass (bm 
Fig. &,6a,t i, The pl.iu IS .i.-1-ii'UnI pffccfjwly SO llvul (hi! 
of the pliik- .. ■ ir i, . •spoHdtoihfni.iiiiiiNecontuiiri.il id 
thus ensure stable positioning of the mandibular ends 
followmgrtSW 1 1 - . 1 1 . tvvu .-,.. H'V.'K.ir,' .,1(111, irii! in fig Bfti h 
leg Into ihe iiuinvohi'.i ni.indible. The plate is then 
appropriately tagged arid removed, The lumoi \$ 
resected, clearing all ihu margins. The positioning plate 
is reapplied in th* previously drilled screw hole-, I In , 
iceslublishes ibe normal analomiL rdai i ■ • i ■ -, I ■ i | • q nl Ihe 
mandible. Since this positioning plan.' i-. u'.ually placed 
ai lln 1 ".i]|nT n •! ni.irgui lit iln- mandible, a template i a i 
bebenrin ihe middle portion Otf the RNKRcifbll assuring 
I hut at leasl three and preferably lour screw holes are 
available lor each mandibular stump foi plate hx L ir n .i 

Al'tei bending a template Ihe reciirwlructton plate 
I't m tRl 1 or LniUN !K) is accordingly bent and adapted 
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fffc&JM 

t Uridine, ol I hf J fJ i. ■■ i with ,i iu: tttuttmcfclqti pLm* (l.'nll < " I 

01 ! lluUI'i 

d l\lllEl,l?a| ill..' Iniiiy Ul'!.-..' Willi an aUtOgCmUlIB Uillr 1,1. ill .un.1 
removal ul I It f nniii|iliiti ■■-. 



5,1.4.2 Fixation With Miniplates 

hurlhfi means lor esUhhshin : i :h il j •■ i 1 1 toning 

ul the mandibular bone slumps are an mtermaxilliiry 
fixation With ininiplat^s (tQtn mandible to maxilla i .-.. i 



5.1.4.1 Fixation With a Reconstruction Plate 

II one \v,.<:-- ,i |i|.iK m salve this prohlem.a previously 
used stfi ili/ed ifcuuslriu.liors plait? may bo ben I inio jh 
omega shape such that the leg* of llu- omega attach to 



1 be norma I portion o 1 1 he n ia 1 1 tl ibl e , a 1 1 d 1 1 ie i 1 1 1 1 ■ i •< 1 1 n . i 

tion ot llie omega is either superiorly or uifi L) 

located lo avoid the bulging lomor mass I ' ... t 
I'ig. 5«&*»c)'. i'he phtie is adapted precisely so that I he 
legsol ili." pkiieeor respond to the mandible eon* maraud 
ilxu.s ensure stable positioning ol the mandibulai ends 
leil lowing reseclion.'lwoscivsvs are . i . 1 1 1 . lent in hx each 
teg Into liif tininvolved mandible, The phut: la then 

f*ropi lately tRggfld and removed. The tumor is- 
resectedvcJenrinj?, all the Ojafgiaii. The posit inning plate 
is reapplied in the previously drilled screw holes. This 
reestablishes I he normal anatomic relationships ol line 
mandible. Since I hi.s positioning plan- \& tusanlly phn.es I 

at the superior ma ;;..i n "I il- 1 1 •■ ■ 1 1 ! ■ : • -. a kmplate can 

he hern in I he middle portion or the maudiM*. , i •, Miring 
thai &i l'.'.i;-,i three and preferably loui screw holes ate 
imukhu Lneadi iimihIiIhiUi' stomp for plate fixation; 

After bending a template the reconstruction plat* 
(THORP oi l.Jiil.i'M |, ! i, .... r.i,iih,.|v h.'Jii and adapted 



•.. ' • De&ription oJ t'lmcehin-s 
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Fig,5.6a-d 

a hwitumjiigul an 4 tracgfl life bent used recansirueiioii plun? 

lin Ci mporarj atygnnteirt ol i In- mandibular slumps, 
b For the lime of tumor n&ccttam the petitioning plate stay 

also be nnKiveJ. 
c Rfulutfliieiil ul tliL']nisillo:iifij',pKilt',indrtdM| i rj .unllix- 

fltkuiof the renins I nu: mii plolf which bridges thedi: ct, 
d After removal o) tin pasfelpnlng plate nod fixatbn of the 

bone iiliunps widi j bridging piali i brnic ri.m of either 

r ■■■ 1 :•■_ : i iy be brought in. 



5.3.4.4 Three- Dimension a I Computer Modeling 

A ihivc-dirtiensiunul computer generated model may be 
used to pheshspc the plate in the laboratory, This is an 
elegant, but expensive, means of achieving appropruU 
plate contouring. Such models are nol immediately 
available and arc Useful only when significant time and 
resources aieavailablr lo provide this se¥VkCi 



to fit the inaudible- contour (see Fig. 5.0). .Screw holes are 
drilled using copious irrigation. Hole length is meas- 
ured, and il the system requires, holes are rapped prior 
in placing appropriate length screws. Once the mandib- 
ular bridging plate has been securely screwed, the posi- 
tioning plait is removed from the inferior surface of the 
mandible. Range ot motion of I he mandible, condylar 
imsiiiitri, and occlusal relationships should be checked, 
.liuI readjustment must he made prior to closure. 



5.3.5 Application of Bone Grafts 
Following Bridging Plate Stabilization 

Once the bone deled has been stabilized precisely with 
a. bridging plate (UntLOCk, THt)KP),primaty oj secon- 
dary grafting can be considered. If Lhe mucosa is intact 
or can be reliably <- lo.srd, inmiedr-ate noiivascuJari/ed 
bone grails may be used, wilh excellent results. Very 
large defects may be reconstructed with nii< royasciilsM' 



I,,. 
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i ho technique. 




t\—rt 



Fig. 5. a 

En id'. . . iiiiei bridging ili-.: 'Icft'i'i with h urt*uctlou 

pi. lie. Mir nrttttfWCUlkriziMl botWgrufl i:i lixcd |n the innudilni 
livr Hfyni'.'ii's urad blgistrtnv i 1 -' liriiiJUi 



I. I.e. 1'iji. 5,10). .Smaller delects may he re f mi rtt I 
IV i 111 cane elloui hone obtained trom the iliac crest, litis 
highly cellular gfitfl is extremely reliable even lor previ 
ously infected cstses»if awever. a substantial 1©S£ ©f min- 
eral bulk of I he grati. is expected. CofticCKftncdlous 
e,rall.s are preferred |<>r tarter delects, < lancdJouit bCHlC 
: ,:i;ill, t i ■ ■ 1 1 1 1 1 1 ■ Mfmempm&Qi st.il.Mliv.;if ii m, p^saibJy with 
i , ■■■. M'bahie rocshes i ho means of fixation of ih«.grafi is 



deicrrm'ned by the bridging plate selected lor mandibu- 
lar slabilmiliiHi. 

Kixaiion of bouegralLs logclhet with i, i.truction 

plates can be carried out by one of .several means. II die 
screws can be locked within die bole of the plate (as in 
UNLOCK or THORP'I, il is sale lo lix die grafts with 
ihese screws. 11' ihe -Screw.-; CftUnoi b« ku ked. howttVtr, 
grails should noi be fixed with Lhesf screw, :-,in..i r|u- 



i. >, ■ Diricriplion ui Procedures tft? 




Fig.S.flanc 

a l : ixalH>uul jmtrivus* 1 1 1 . ■ i i/nl I: | ,,i.ll ... >]j |. ,,irvv. i,, | L 'js- 

iiblf whfii li ... .!: ii-.y, . .1 ! In; s-tcrfWi 1 1 1 • o 1 1 io plate Imk i-i possible, 
{fam l. rifimP;m^j J.UnN-iw I ; 

li Miii ttaSxX\ag the imguTwr arm of the li n ttbk the 

defect Wtti bridged wnli .1 '1 f-iTIRP plott- arid Tilled with a 
Hofjv.o-Liil.inml bone gr&fj Fraud ■.-. i 1 • 1 two twGkutg^cn-*s. 

c s.imc sHtiBtioii n« In b -] miMidi:- later, sJiowJrlB a cxwfrrtftftfc 
1 '.. ■ Tf-..:«risijon wi'l 1 >nui±i restirpnoii of tbfcgwft 



screws may Ioo.h-h during the pnH$i» "t revdalr/alion 
ill (lie bone gTJfcQ und promote miei rum. 

One possibility lor 5rabi.li7.ing n r>onvasaitan/.ed 
villi is U* use 1 he advantage ol'fud ir n t'iongJ strew holes 
. .| 1 In.' reconsWttctkm plate, allowing lor eanipi¥SSlR&, II 
ihe inner' ftcfeWsare loo.ivned.d slightly nvemized giait 
(approximately 2 mm Iwgef than tlw defect) may I" 
.m-iI.'i'.I between Ihe mandthlii edges ( r%ri7)-Wlien ihe 
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s< ii-ws ,u. tightened (inset in Fig. 5.7), the >• i .ii t is com- Vascularized bone grafts heal similarly to fractures, and 
pressed between the mandible edges stabilizing the stabilization can mimic techniques for fracture repair, 
graft. I rec vascularized composite bone grails have 
Another technique uses .1 mortise joint to fix the graft become the treaimem of choice for repair til large seg- 
10 ihe mandible with lag screws, An oversized graft is menial mandibular and sofl-tissue defects. The vascu 
harvested. A step incision is cm into the ends of the graft Larized bone and soft-tissue Haps mferaie radiotherapy 
so that the measurement from the inner bone edge is the with minima] complications ol osteoradionecrosis, 
exacl dimension of ihe mandibular deled. The outer wound breakdown, plait extrusion, and ■ rew OF plate 
flange of the bone graft overJapstbemandibularends.lt loss. Dental implants may be placed primarily 10 accel- 
is preferable lo ail back ihe outer cortex of ihe mandible erate the denial restoration proces 
at lioih in- nidibular ends to precisely 'u the flange of the The choice of rotation ol the vascularized bone flap 
bone grail. Lag screws may then be placed to fix the hone includes regular fracture plates (2.1), lag screws, mini- 
grafl securely in place (inset in Fig. 5.8). The bridging plates. Universal Fracture plates (microvascular plate) 
plan provides temporary stability for functional load- and reconstruction plates lUnil (H K. I HORP).Thegoal 
ing(l : ig.>.H). F.ventually.aftei umipletion of Ihe healing of the fixation is to provide adequate stability lo allow 
process, Ihe bone graft takes over the functional forces. bone healing without distortion ol the occlusion or tem- 
plate designs thai lock the screw to the plate such as poromandibular joint function. Longer gratis require 
the UniLOCK and THORP allow screws to be placed segmental osteotomies tor correct contouring of the 
through the piale hole 10 fix ihe graft (Fig. 5.9). This can graft. Intuitively, this simulates segmental fractures. One 
greatly 5a< ilitate ihe speed of repair. It does not negate could predict better conirol ol maxillomandibular and 
the benefits of lag screw fixation of the graft. With each condylar positioning using load bearingbridging plates. 
ol these techniques it is recommended to pack cancel- Regardless, the different schools of surgeons advocate a 
lous bone liberally around the graft -mandibular joints variety of fixation methods, with similarly good results, 
to ensure more predictable bone healing at ihe osteo- Bridging plates have another advantage in not requiring 
Corny sites. patients to be placed in IMF lo secure occlusal relation- 
Primary, nonvascularized bone grafting is recom- ships. With tumors lacking anterior conical extension 
mended only when thei e arc no mucosal defects and in the plate cat) be prebent lo the mandibular contom pi mt 
1 he occasional instances in which the mucosa can be to resection of the mandible. This provides precise 
closed securely. Most studies predict significant bone recontouring of the mandibular defect, and osteotomies 
loss if nonvascularized bone grafts are attempted for within the graft can be planned according to the plate 
cases where there are mucosal detects, In fact, a dehis- shape (see Sect. 5.3.3; Fig. 5J ). 

cent e above the graft almost always causes the loss ol a As mentioned in the sequence on three dimensional 

nonvascularized Iree graft It is usually best 10 wait computer modeling, it may be helpful lo prebend a plate 

approximately 2 months or until adequate healing has on ihe basis of a three dimensional model. I his nun he 

11 nrred lo provide secondary bone repair. The plates loo expensive for consideration as a regular procedure, 
allow immediate function without bone being present. 

They are subject lo breaking if the bone is not replaced. 

This generally occurs, depending on the loading silua- 5,3.7 Repair of the Anterior Defect Using a Microvascu- 

1 1.1. after months or years. lar Free Bone Flap and Fixation With Universal Fracture 

I lental implants may be placed secondarily in corii Plates (Microvascular Plates), UniLOCK, or Mini Plates 
cal cancellous bone grafts. A high rate of success can be 

expected with this application. Primary implantation ol Selection of bone donor site depends upon the size and 

dental implants within nomas, tilarized bone is not rec- location ^i the hone defect, ihe amount of soil tissue 

oinmended. resected, and the preference of ihe surgeon. Both fibula 

and iliac crest free flaps contain excellent bone. The iliac 
crest is usually required when more soli tissue repair is 



53.6 Reconstruction of Tumor Defects needed, The scapula free Map may also be used This has 

With Vascularized Bone Grafts the advantage oi excellent independent soft-tissue Haps, 

and Their Fixation With Plates The bone, however, has a periosteal blood supply and 

has substantially less volume. The decreased bone gen- 

vascularized tissue transfer provides optimal bone and erallyrequiresa bridging plate (UniLOCK or THORP) to 

soli tissue lor major deled reconstruction, Nonvascu- guarantee mandibular form and function, while iliac 

larized bone heals by creeping substitution and remod- crest and fibula Haps can be fixed with miniplates as 

cling. The revitalizatioii o.| the bone depends upon the well. The radial forearm flap with bone is rarely used in 

vascuUrityofme surrounding tissue. Vascularized flaps our groups. Since ihe amouw ol bone is small, this 

mi roduce viable bone and sofl tissue to initiate repair, would require a reconstruction plate for fixation. 
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Fig. 5,10*-* 

kL-comtiiiLlitmnl fhe cctmjtlcir Jiorisfinhtsl ptiri "I ' In- in. hi 

■Jible, irK Imlmp lli i (jfl I in- I . .■ 1 1 :-iJ.. •.villi u |XlB.'rtiW»fc- 

il few lihil.i Ixme gatfL In "las ljw rde&lHsn cri th« graft 

ilDd I'll*' .1 I a IdttUCS was performed with l.niviTS.il 

Fracture jihites. Small bony naps wore HH».mI with esntoe Minis 
- c In ken ! rum Mu'ilucL-rrsl i''".-iv; nn • ri • n i .r icals&l "■ • I 

irtdori w irFBjd Injury ro Peseta 



MiTiiail siiumiun >luuviu.m X-ra}y»]ikt i li •_• -.it u.itioii in a, 

SilUJliun as in A allor ruituival pfthe inTtefWH" pfrrtei ir.- d fo? 
■I:..- i::-:dti.:.i: -if the nfllr-cilMTTiics within ihr graft This alfowjg 
ftirrfli j ■ I . . . - rni-iil (if iii,'in,i! iiii;i|.mi|,v 
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The .ulterior surface of the mandible is widely technique is generally employed when using the iliac 

exposed, and the osteotomy s-il.es are marked with a creator scapula free flap with skin for inti aural lining, 
bone saw. A template is prebent to the contour of the 

mandible. The Template also can guide the selection of 



plate length. The plate is measured so that the first screw 5.3.8 Repair of Tumor Defects With Anterior 

is placed about I cm from the osteotomy, and at least Soft-Tissue Extension With Microvascular Free Bone Flap 

four screws should be planned for each side. Extensive and Bridging Plate 
anterior projection of I he inferior border of the mental 

process may be removed with a cutting burr if the tumor The method of supervising mandibular and condylar 

does not extend into this region (see inset of Fig. 5.1). position for tumors extending anteriorly is decribed 

This facilitates plate bending and decreases overprojec- above (see Figs. 5.4-5.6}. Dentate patients may be placed 

lion til the repair. The plate is contoured precisely to the in IMF to supervise maxillomandibular relationships. 

anterior surface of the mandible. The plate is positioned, The method of using an oversized positioning device is 

and iit least 1wo screws are placed in each side to ensure also described above. 

that the remaining screw holes are placed correctly An alternative method uses the condylar positioning 
without plate displacement (see Fig, 5.3a,d). Sharp device which provides an excellent unobstructed resec- 
drills, correct drill guides, and copious irrigation is lion of the tumor. Base plates applied proximal to the 
required to prevent screw failure. Either pretapped or planned mandibular osteotomies secure the positioning 
nonpi flapped holes are required depending on the kind bow. The bow is removed and the tumor is resected. The 
oi screws lor fixing the reconstruction plate. Screw mandible is repositioned by reattaching the positioning 
length is measured before tapping to avoid potential bow to the mandibular base plates. A bridging plate can 
damage to the lapped bone threads. All screw holes are be contoured to the mandible to maintain the man- 
drilled, measured, and tapped (if required), and a dia- dtbular position. The bridging plate is applied, and the 
gram ofthe plate and screw orientation is recorded. Spe- Mandible Fix Bridge base plates are removed (see 
rial care must be taken when replacing self-tapping Fig. 5.4 b, d). The free flap can be harvested and shaped 
BCi ews (2.4 Utiil.OCK) to avoid stripping previously cut and fixed to the plate as previously described 
threads. It is preferable not to place all screws prior to (Fig. 5.1 1 b,c>. 
resection to avoid this potential problem. This is less 

likely to occur with pretapped holes (2.7 and THORP 

screws). The plate is removed and the surgical resection 5.3.9 Reconstruction of the Condyle: General Remarks 
completed. 

The plate may be taken to the donor site toshapeaud Reconstructing the temporomandibular joint (TMJ) 

fix the bone to the plate in situ before transacting the articulation is one of the most demanding challenges in 

vasiul.ir pedicle to decrease ischemic time. This applies racial surgery. Restoration must address the complex 

to the fibula free Hap and is a matter of surgeon's prefer- function of the joint while restoring occlusion, facial 

ence. Screws are placed monocorticalJy in the graft to symmetry, and projection and maintaining normal 

decrease p'otential injury to the vessels behind the oppo- mastical ion. Many of the problems of join! reconstruc- 

site cortex (see inset to Fig. 5.10a). The plate bone unit tion have been addressed in the literature in relation lo 

may then be fitted to the mandibular defect and the plate repair of the ankylosed joint. Efforts to provide repair 

Secured to the mandible. Vascular anastomosis is then with alloplastic condylar prostheses have been asso- 

completed, followed by wound closure (Schuslermau ). dated with the complications c\ malpoSitioningj infec- 

An alternative is to iix the vascularized free flap with lion, glenoid fossa erosion, heterotropk bone loi ma- 
Universal Fracture plates (Fig. 5.10 b,c) or miniplates. In tion, and even erosion into the skull (middle crania] 
these instances it is essential to have adequate bone in fossa; see also sections 5.3.1 I and 5.3.12). 
order to guarantee form and function of the mandible These problems are even more apparent with 
and then sustain the soft tissues. The osteotomy defects patients requiring tumor ablation and repair, especially 
should he tilled with cancellous bone (inset to when combined with high-dose radiation therapy. 
Pig- 3.H>a}. Lindqvist et al. (1992a) reported 3 of 1 1 condylar pros 

In another variation the bridging plate is placed first thesis used for tumor repair required removal secon- 

10 restore the mandibular delect. The graft must be fixed dary to infection. One patient aged 1 1 years had a plate 

with a reconstruction plate only if it is taken from the fracture necessitating plate removal. Fotll of the 

SL,ipula(seeFig.5.l I h>. After harvesting ihcgralis,oste- patients' condyles were displaced out of the fossa. 

otomies are performed in the bone graft to precisely fit Reconstruction of ihe TM| with an alloplastic condyle 

the mandibular defect and plate contour. The bone is after radical removal of the joint with planned postop- 

secLired in 1 lu- plate, Intraoral soft-tissue closure is com- erative radiotherapy is probably contraindicated 

plered, followed by the microvascular anastomosis. This because of the high probability of failure and the poten- 



£3 • Pest'riplJun ol" Pmci-Jurcs i i 






Fig.S.lla-c 

1 ■' iisiwtnv.i-. r Lhriitirijuintrt] part n( ihcimmcJibJchy 

1 1 ■n.ikj'.n.mt Uinioj ruxesMlingan al.ir.Ki.sl cumpJele resect inn 
ol thr homootni mandible. 

fttJtf nBtnnl|...'i til Mil- linn/nnl.il branch |J| llm iiiandilik- 
with u mn. •!\n'.i:;u.il.ir *OHSKi-rfl .•.• I QtfpuliU gr*ft ivirh U«i 
Anfi-iisiue llaps. In tltts fit se Ll i-- necessary to use n kcrb- 
■II mini 'i plutef L.'oil.(K K or THORP) lur m.ibi Fi.-iit n hi ol the 
mumlitiiilnr segment* and. ti k;ii km i et the graft, Whale srerew 
pljifnuw withm ihe mamUbttlar stumps is liicurucjJty ft* 
iil3<tn of thf boJlv BiaJf licwft ll i! BUI nwoocw In ..llv. 
1 ,1m, oil siruaijon . ] s J,-; i iJjed iii a.b, iftftwii <in IhcD] I lib 
p.iu tomogram 



lial erosion cjfthe imidyle intn tbe nnddh- cranial fitoiM 
Prosthetic recunsmniinn bf the 'I MJ bus largely been 
■ il.ur.'.ii'.nccl in the Untied SUks due to 1 1 • ■ ■. . 1 1 ramifka- 
itons rditliii^ tO other artificial joint devices, None audi 
device is presently approved |iy flu- Food and Drug 
ftjdmin Ls tra c i o n . 



5.3.10 Joint Repair With endochondral Grafts 

Repair nt 1 he condyle iviih txislochondral c.u tllfigc? ifl m 
accepted modalily tor reconstructing the re sec led con 
dyle tallowing lln: removal oi benign lesion* CM <tnio 
lotlt joints. Olher n ul i i. ;i 1 1 an s include dysplasias ;ntd 
omyditis, The goal ol reeons ironing the IM| is not 
only to rehrj bill tide the complex mechanism ol the nor 
ma I join I hut also to re&Jorc fecial .symmetry, oo'hislon, 
ami mastication. Alleviation ol pain is oj great ictipor- 
tance. especially in the surgical treafineni oi dugenera 
live joinl disease. Mandibular growth imposes addi- 
inunil cimsirnints mi the [$< .< instructive procedure m 
children. 

.uisenf h number of biological urn I mnirnmie sim 
ilarilies tu ilif i n.un 1 1| Hilar condyle costochondral grafts 
have been considered lo he among the most acceptable 
tissues for J '.Ml icumslruclion. Primary ri'mv.i ■••• nhir 
i.'' d '.mi il.igc graft* j iv m«i i(.M>nimended for paiienls 
receiving planm d pnsioperaiive rndhnhcrapy. Benign 
lumon, involving the ascending ran ins .m,l condyle ol 
lln' rim ii, Ifble are ameiifihlolorccort.slruclh.nl with i < > -. i . . I 
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chondral gratis in order |o reconstitute ihe -mandibular 
ii ml condylar defect, [n ankylul ic C'&es coronnideelmity 
umsl jttso be performed, ideal capg muM he taken to pre- 
serve the neurovascular bundle oi the mandible. 

iixposuic ii adiievecl Ihrough the submandibular 
incision (see Pigs. 2.1, :.'..'>!, usunfly in combination wilh 
a pteanru ular incision to] lowed lv, i i i .. - resection of the 
condylar head and the ascending ramus, segment. If pos- 
sible, the meniscus is preserved as welJ as the imiiii i up 
sole. The length of Ihe resection is measured. 

The rib may be harvested, including about 5-10 mm 
ol cartilage. The fifth, si.Klh»or seventh ribs art; suitable 
fbl i his purpose:. Case must be taken not to tear ihe 
parietal pleura during the resect inn of ihe rib. Small 
pleural rents may he checked by inflating ihe limy with 
I'ir.iim' pressure, wilh water in ihe wound look in:: foj 
air leaks. II no air bubble*- are detected after the lung is 
lully reinriated.the pleura may be closed wilhmit in sen 
niv iltest tildes. 

The carlilage end oi the oiylal chondral rib graft Is 
shaped to approximate the original condyle and to ht 
within the condylar loss;? (Fig. 5.12a). Sullieienl rib 
should be harvested to allow i mil inn with a minimum oi 



Fig 5, 12 ad 

a SSfaMkl aftffl ihcicwtiicrn bffhii left condylar and suhciiri- 

dylai area, a?, well iislbororonosd pTOCMi. AnosteoclmruLf.il 
=,r,r;ifi fe shaped. A groove ijscari ill elite renmining part or 
die asee tiding ramus In receive the u_r.ii i. 

b rixaiion of ihe osteochondral grat'l with two ' o tig scraw*. 
ffj.o?( I; Fljcai on wilh lag screws with waahi 

Insit ?.: I ; ix,n.iu)i with L'nivers.il PrnctUfl plated 
htsc I 3; l ; ixiiiiuii with 2 horizontally placed rmmpi . ■ i - -- 
c Siiimikm us in b, frtjwi ), shown raditigrapbii ully, 
d Situation ns in b. mwt l^shoWn raiikipraphi- nl \ 
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tW6 or thret l,ir, m \>-w.:. IJ the i d> [a suit, washer.', made 
frtittlCSl portions nl Mi IliHptHlion pl;ltf-> ,tri' hctplul Id 

pieveni screws iTom split ling ur pulling through the 
bum:. Screw- oi 'I mm ape particularly well snn ed fpt 
this procedure (.si:r li-. 3 12, inset 1). Flltf grafl may also 
be applied Id the mandible by fixation with mlttiplatca 

f m;;. 5.12, inset 3). l.induvj^l et ul, (19S2ftibj bave 
.!Litiun<,tr f iial stu.ce.ss wilh Ilu.-. lechnkjue. However, 
sUibihi'. is not aie^UflJC to allow patients lo Junction 
mimedkuelv, Depending &a the Miiuiiun, 
10 days ' '-wcl.-.'.; 1 1 r irnmubili/alion ijt J Ml- i.s recom- 
mended- 

( Hher possibilities are to use Che I x> mandibular plate 
Ufa 1 1 ■ ' I ■ ■ ,' or the 2.-1 Universal fracture plale isei' 
lii'' U2, nasal ,::■. h-,n holes are placed will) la y screws 
fccing the gr*fi (ihrongh the piffle) to the ma ndi hie. Two 
■ vr three additional holes prnvrde additional stability to 
the grail, This repair U\ tildu hesl protected with II) days 
oi'iiitri in, i sillary fixation. 



5.3.1 1 Alloplastk Replacement of the Condylar Process 

There are only lew indications for using -,\ ..midylai 
implant in J'M| in thioplasiies. 11 an autogenous Iraits 
plantation isu.iniralridn.aled I'oi any reason, such a* the 
general COndilim ol Ilu- p$tieiH« massive ankylotk 
.si i nctures, iind ivankyltisis after auiugentnus arthro- 
plasty, an allogenic joint prnsiheses way be ilu- I •■ isl 
method lor prima ryreconsii in lion, Hie same Is irtie In 
traumata ca&Cii in which the condyle is [ofll or Ira cm red 
inlu several pieces,, nid primary restoration of mandible 
and joint lunctton hy osieusynlhcsis is impossible 
CHg, 5.13b), As noted above, this pmstliesis in nol 
approved by the United Suites Food and I >mg Adminis- 
tration. 

A combined preauricular and sub- os retromandibu 
l.o approach is advisable (see higs. 2A, U). After sub- 
stantial removal of ankylolk. masses u new fossa is 
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created in the region of the damaged mandibular con- 
dyle. In nonliimor cases, however, ila attempt .should be 
made to remove I he distroyed condylar process, totally 
i, Fijg.i 5. 1 3 b), On the contrary, it may he advisable to leave 
SOWS of this bone asa precaution against penetration of 
the i, i 'ink I.ir head into I he temporal (fossa. CorOuoidec- 
tomy is always performed in cases of ankylosis. After 
removing 1 he desired amount of bone i he correctly sized 
prosthesis (I hree different sizes I is. ghnscii alter evaluat- 
ing the defect with a template. The goal Is to choQS« a 
prosthesis thai is placed at the posterior aspect of the 
i inn . engaging with its most posterior hole into the 
mandibular angle ( fig, 5.13), These prostheses are cur- 
reiuly made tii stainless 61$c[, iuul they should be 1i >: ■ ■ . I 
with the 2,7 screws in a bicorlieal manner, Since these 
prostheses are rarely us id, they will probably remain 
available only on special reque&J and with the 2.7 screws. 
IMF is always used intra opera lively. In edentulous 
palienls the fixation is. with Ihe patient's tohil den lures, 
which are then iixed to the maxilla and mandible by 
A"i or wires. The niandihk- k ihus immobilized dur- 
ing plate behding and insertion. In thew i ases i lion is 
taken to remove the condyle carefully in order to pre- 



Ffg.5.13a,b 

a Schematic drawing with coro no idee to my because of an 

iUikyli.>sjt. 
b Replacement ol the inain: itml.n ttwicfyid -iriti snhi-H-dyLi 

area with a joiol prosthesis in ait edeiilulou.!> patferil afteJ 

i raonjatie loss of condyle. 



m ve the disc intactin the fossa.il possible, unless a tem- 
porary muscle llap including the fascia can be used to 
line the fossa,: This can prevent to some extent die for- 
mation of ectopic bone and line possible erosion of the 
joint head In the fossaJMH is relieved before the patient 
is extubated. 

It may be difficult to place ihe condylar head correctly 
hi the glenoid fossa, Llndqvlst el ah 119923, b) report 
that in 23 instances in which a joint prosthesis was used 
only ki were initially found to be situated correctly in 
lire, glenoid lossa. In one nut of tin , ; ' a perforation to 
the skull base occurred 10 months alter Ihe insertion of 
the implant In Basel we have had experience with 23 
condylar prostheses over an average follow-up time of 
101 months in 17 patients; no erosion oi the glenoid 
fossa has yet been observed < Preiti 1998) 



. i Description ol Pmu'durc* i/, 




5,3.12 Condylar Prosthesis 

for L atero mandibular Defects Including the Joint 

( niulyliir head prostheses i'ur Pfiplflidwg the lateral man 

• - Including llu' ascending, ramus currently usi's I hi 1 

,"/ reams true I ion ,it»glc<l pkite, Long and .short Jet'i ; 1 1 ••: I 

tight plates Are ;ivadab!e by special order in ccpniries 

othier than the United si.nr, (mv ii,-. uticdj. This 



fig, 5 .14 a -c 

1 Uefiitahtruclirm plate wilh rondylnr head bridging the i |ghl 

heminumdibulai'deleci- 
b i Trhopan tomogram sJiowiugo tecui reni afn&tofaJttsutf&i to 

i he rryhl rnnnrlil !■ 
c ihthopiin tOTTiogram KhJ&t'fagji TIM HU' jtIuIe with condyhtr 

head, h ridging j ceinpleJe right ljcmitTiiindirud.il dds 
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Fig 5.15 

fixation til ii llUT.invdr.Liil.ir iIHiisImiiii^i'lI hoiH' i;i'iill li ' i r 

'.Iiui-Lii.uj plute with condyle. Since this i.'i.i vital hi ■ i : •, i . M in: 
> an c;oi wdl he performed with # tcw-s, 



mot uses ilic 2.7 zjgfew, which haw ^ hexagonal luml 
and requires prelapping. When patients require rcsec- 
■ i ■ m i o| i lie mandible hul noL the njtfjjis^litl m |°oin.l cap- 
sule, tin'-, plana may U'mpoH/e to maintain inandibuhu 
relaiionships until buoe repai] k tegaible (Fig. 5 I 1 1 

lis UH' K'u,uires thai the pulieul he placed in slable 
DCclllfitOll wiili touch bars. Ameloblastoma and extensive 
Jceraiocyars are the most cpjuftiKin pathology involvnm 
the ascending ramus and mndyle (Fig, 5. Mb). The 
lumorinn frequuiUy be removed using an external in- I 
.siou wnh ihi' dissection remaining ext Morally. Tins 
a pprouch is h elphul i n dec reasi ng Wi UWJl infection, Cafe 
id 1,1 1 •. i ■ 1 1 to assess i he extent Of the disease on the iuIk ■ 
;;i;H>hs. The are-! of resection is Carefully marked Id' 
allow complete removal of Ihe minor. Ii is beneficial to 
pkm lor ai least ,in addilional 1 cm of lu.nu' reniov«] 
When si/mft I he plate so us nol to lack sufficient plate 
Length, Since ihe condyle cannot be removed troni the 
fossa to allow precise adaptation of rlie plate to the glen 
• ltd lossa, precise bending is nol possible until ihe lumiir 
is 1 1 sec ted. The i etnpknc is prebent to Ihe anterior lateral 
hi r I ace oi the mandible from interior joim capsule to a 
purnl allowing ai least rive screws to. \n- placed in ihe 
remaining mandible. Following ihe resection Ihe pal i en I 
(S placed in IMF', reestablishing Ihe normal occlusion. 
Ihe plale is llien positioned. I ,in if taktn to place ihe 
i ondyle within tlie joint space without forcing the con- 
dyle to the push i'i.h- p^ ..-ii I ihui, Rirlher bending adjust 
irienls are made With ihe bending Irons, The plate is 
secured tti the mandible With ai least four screws placed 
in the ml'um -I | 'mil ii ii i, Screw holes are drilled to 1A) nun 
u.sing copicHifl irrigation. Jlie screw length is measured 
'.villi ,i depth gauge before tapping Ihe holes, The 2.1 





U Pi .■■or.- uc |il,i.. .'.I firmly bkorticnlly- lo ensure tttjequ 
ti&ibtix&titltm of 1 1 if plate. Fig. 5.14c .-diowsihis situation 
Willi the THOU! 1 system. 

Adequate joint capsule usually remains lot .suiuriny 
the its sue a rem ltd the neck of the prosthesis. Likewise a 
heavy 2 nonabsorbable stiture is used lo secure ihe 
most superior plate hole ■segnieirl lo Ihe feint capsule.il 
inadequate tissue remains, one can secure tin- phiie to 
the. temporal fosc i,i oi zygoma superiorly This helps to 
prevent ibe condyle from dislocating mil of I he glenoid 
foe SI T p o si operol i vei y. I M I- U ren ui v ed fol I o w : n g so 1 1 I is- 
sue closure. Thearch bars are left in place in ess* the sur- 
geon wishes lo apply loose elastics to help train the 
in elusion, or if there is concern about possible i:ondylar 
di.spl;Kt-Hienl. this is usually not necessary il plate 
bending has been pin I 

The condylar head prosthesis pi, ik should be consid- 
ered only a temporary repair. There Ii a tendency for 
plate fracture and lor plate erosion mio the temporal 
hone. Bmir I'.i.vfts may he all.n bed bo il:i:-. plate to pm- 
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Fig,S.16a-c 

< fl PJxallfH] ol u riiicmvasoilfir Free il n .„ grift nepi^cuig coif, 
pud'and ramus, iiii:liK-|inp,i lit- loiidyku IicJifini Lliuleit side, 
I 1 :■:■■ I ]■ "ii iv g| im ,indp»reM'i mj (angle] V> nil Universal r 9,% 
•ii!--' |il.iN". RtilM gttjM an.' ill led wiili cancellous hone. 
h 1 ' 1 :-. = ? ■ r ! .1 111 ... irv..iM ill. ir ircv fibular grSfi with ii tveoii 

6tmct loll plate. Note tbu imnl urea Is replaced hy ho 11c only, 
nn GOJidylu head ol tltc j.inuc, 
c 1'ie and pOMoperuiivc Jt-fay showing die tlefeci of the lefl 

' ■ ■ 1 [ ■ . 1.-. .1 1 1 1 1 LiiriUMil thjK m.in<lil'ili- :-,nH the i: COBfitRlC.tioa Ul 
.hi.-, urea with il Hi-, imv ix i.,!,u ,ii.,i',loinoscd fibular grafl 
Ii::llI wiili Universal Fractuire p Jutes. Stiuetitin cornapartds 

II 1 a, 



Fkte in-: Tt- slability (Pig. 5.15), However, thi'-, irxilw-, 
only th« problem of potential plate fracurre. Moat sur- 
geons, would recommend ngpta tog thia plalo with bone 
graft if the patient remains free t>f disease, nlictovascti- 
l.ir 1 1 .. l- 1 Lips are icrlainly considered a better choice Km 
young pal i en Is who can expect long- term survival!, IV 
ation of these grafts is performed with either Universal 
Fracture platen (Pig. 5. 1 (in) or bridging plates 
i.ri;',.S,loLv. 1. 

I :.iu' nuisl he taken to size Ihe new condyle free end 
ol the graft adequately and lo position it within the .glen- 



oid fossa (see Pig. 5-lfu I- Failure to position die gralt 
adequately. and 10 stipeuvtsS it may lend to malpusiliun- 
Ing ihe gruli into ihe temporal fossa, which impairs cor- 
rect funeiiiiiiiii : : ;.i 1 lie mandible. 



5.3.13 Management of Mandibular Resection 
Including the Condyle Using Microvascular Bone Flaps 
and Various Plates for Fixation 

Fortunately, malignancies rarely involve ihe 'I'M J, This 
may be due 1o Ihe limited lymphatics in this region, or to 
Ihe lack of interconnections «>l Ihe ascending ramus to 
Ihe condyle with either a common* n imI 01 a blood sup- 
ply. When malignancies involve I his region, they usually 
also invade ihe join I capsule and Ihe meniscus and 
require rejection of ihese sir iu inn--. Inllowed by high- 
dose radiotherapy. These extensive humus Frequently 
involve Ihe lateral skull base and require .skull has., 
iipproaJK.N wilh resection nf" ihe Hour of the middle* ra- 
il i;-il lossa which limits Ihe ability lor primary mnudibu- 
lai recojistrucdon.. VI iirovastii larosseou*- free I laps may 
be used lor mandibular repair, including ihe condyle* if 
wo significant defect has been created in the skull base. 
The fossa may be covered with a temporalis Hap. 'the 
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I tree end ill" the bone Hap is carefully' shaped to lil L Liu 

glenoid fossa (see Pig. vu/i. 

< iareful osteotomies need to be panned wilh pre£i& 
adaption ol the graft 10 piovidc width, projection, and 
height ol the mandible. There is a slight tendency of 
iln" i' grafts to migrate inl.o the temporal fossa. There 
fore fixation ol ihr j-i-iiii Hi I he residual mandible is gen- 
erally best achieved with a bridging plate s.uefa as fhe 
L'nilJ M K nr THWIU' fo prevent mandibular deviation 
; .. Pig, 5,16'b) I hew piste*! are more difficult to adapl 
bul provide the sTabiJiry let main tain condylar and ma 1 1 
dibular positioning during functional load. The joint 
capsule shniiUI he secured around the- condyle 11 pOS 
jtiHe lo help prevent dislocation Irorn the glenoid fossa. 

II ncclusul relationships art- t|uesiinuaMc, a period ol 
IMP ii mandated. Ji occlusal lelatioiiships cannol be 

achieved aftfi grafl pLueubail, ^areltil readaptatn I 

the plait! and graft ,tie required prior I*' closure to pre 
fin] inandibiilai 1 1 ys I unction. 

Positioning Ol iln' gi all in relationship to the rem. lin- 
ing mandihle i.s diffiuill, ]t is beneficial l«» place Ihe den- 
tate paiienl inlo arch bar.s.'l he patjem h placed in IMF 
|mi,u tn fmal adaptation and fixation of the graft .nut 
plate. 

Another option is to position the m.indihk in rela- 
tionship lo the maxilla. A variety of lechnituie.s may be 
Used to achieve this positioning. The patient may have a 
1 1 '« -lure plate placed between the tionirtvolved mandible 
and the maxilla fsee Rig. 3. Sal, This is placed when (he 
pattern is in die normal closed occlusal position. The 
plate can be removed to facilitate the reset:! ion. Once the 
resection Is completed, die plate can he repbued. rees 
labhshmg normal mandibular position lor the adapta- 
tion ot Ihe graft and pkile. T h«.s may also be achieved by 
the me ol the Syndics Mandible Fix bridge (see 
I i « •, - 5*4 a ).. The base plates a re attached to the ma JCllla and 
ihe mandible, t'hfi mandible is placed in normal ckva-d 
occlusal position, and the fixation how is ad justed tn 



Fig. 5. 17 

Rfauisirncotin oi thi b ; i mandible i"l t._- unaffected ■- -.in it-.-i.- 
wm (ofl in place and used lm ii.xniicin ol tbc.rcconitWTii tic 

plibe with t!wa »( 1 1 ■■■ .■ . ■ >:n* in tin.- bead mid- one in the WlbCfln 
ilyliir ansa. In Ihis siru3.1iou ,i free juMivaseuLirimi bone prull 
torn usri i; n-.' i ■•!" • -.i lib 1 1/. ak k in uuui lv performed with a 
itvonsinntioj] pi tin 



attach to the base plates. The position is ina.il using the 
lucking universal clamps. The fixation bow is removal 
Irotn Ihe base places allowing free access lo ihe oral < m 
ity during tumor resection, lleqpplicannn ol thcbxnUon 
boW allows P" ''• '•'■■>" repositioning of the mandible for ihe 
adaptation of the plate and the bone graft. Base pi, 
are removed at the end of the procedure. The advantage 
"( installing arch bars over other techniques is thai il 
allows ihe surgeon lo maintain oi leapply I . "* 1 1 ■ mflreefls 
Ely in rhc postoperative period il desired, h is helpful lo 
maintain patients in IMT with elastics for 2 weeks post 
nprralively In train the occlusion. Dentures or appropri- 
ate splint* may be used in edentulous patients [0 help 
restore norjuul poja'tinn ami function. 

Several techniques have evolved for repairing the lal- 
era] mandibular defect including the cofldvle II" ■■ 
include u.smgan 1 1 \ ■-.. ■ ■ h. i •-, tree Ifap in LOiuhiihilioii wilh a 
reconstruction pluicwiiha < nndylai bead i Hee l'ig.5.15), 
I tyieaas free llapsmayaJsn have ihe jmiximal end ol ihe 
bonecniunurcd into a neocninlylc (sfit I'lg, r i, I mi- ) 

llidalgii suggests removing the residual unaffected 
condyle -and using it as a free eiall .madied to the 
OgseClJJ n. i llap. Adequate lenglb of the condyle necl; 
generally reruains in be attached with two or ihree 
screws to the bridging plate, which is necessary If HO 
vascularized gratis are ii.mi.plaiih'd [Fig.54?,5*I9a)at 
o tl i c r stab j I i vx\ t i on p J ales i n combi nation with microv.i 
c u la r grafts | f ' i g. 5. 1 Jfl ) , This is pre fe iabl e to |.i rot h i ■; w \ \ ■ | 
free condylar graft, which Ultimately undergoes sigmli 
cam resorption and remodeling over lime. DJ course, the 
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fig. 5.18 

In 1 1 ■. i -. situation ihc same deled as in I p;, 5 17 was recon- 
structed uiih .1 '..■.r.il.iriit-d Iiihk- ^ran. Therefore indivjdii,il 
i i ivgrjftl IVjiiurc plates can be used for fixation 



latter condition and repair is not comparable CO the sit 
u.dion in which the tumor involves the joint, with oblig- 
atory resect inn ni the entire joint lo ensure tumor super- 



m 



5.3.14 Repair of the Lateral Mandible Including 
the Condyle; Osseous Free Flap and Bridging Plate 

The approach to the mandible is similar to thai 
described above. The choice rf whether to obtain Ihe 
live Hap Irani the fibula of Ihe iliac cresl depends upon 
the amount of Ml tissue required, the total hune length, 
and the preference of the surgeon. The iliac tree flap pro- 
vides adequate bone 1'ur ihe hemimandible tecanst ruc- 
tion, The ipsilntcrul hip p|;u e.s the vascular pedicle pos- 
:u :nr|y and is [iui icxommended if contralateral donor 
vessels are to be used- 

A temporalis Hup may be used to £WH u ihe glenoid 
fossa il exlensive soft-tissue dissection is required at the 
skull base. The proximal end of the bone flap should be 
contoured to approximate the size of the residual 
I'iiuent's condyle. A template contoured Go Ihc mandible 
I 'i tor to I lie resection helps to shape the bridging plate. 
The plate is benr according to the template and posi- 
tioned such that ihe proximal screw is in the region of 
the neo condylar neck, The plate should not extend to 
the joint Hour si rews short Id fix ihe plate to the residual 
mandible, Prior to Seen i me, I lie plate to the maixlible.an 
osteotomy should be made to fit the graft In the para 



symphvseal area. The plate is ia.slened to the proximal 
mandible. The patienl is maintained in IMP during ihe 
final conloiiime, and poj.il inning of the [dale. In situ 
bending of the plate may ensure correel graft position 
ing. The graft is situatcil with the preshaped neo condyle 
placed in Jhe glenoid fossa (see Fig. 5.16b). Residual son- 
tissue a| the joint should be sewn lo make a cuff around 
ihe condyle. The tissue eulVmay be attached laterally lo 
Ihe proximal screw in the plate, Patients are maintained 
in I .VIP for 1-2 weeks,. 

These extensive ivscclions tend In be plagued by 
ile.re.ised function, and snnie mandibular deviation 
usually occurs pos imperatively, The functional results 
are worse if postoperative radiotherapy is requited. 
Postoperative mandibular rehabilitation is mandated 
lor all patients to optimize function. 



5.3.1 5 Repair of the Lateral Mandible and Condyle: 
Microvascular Free Flap and Reconstruction Plate 
With Condylar Prosthesis (Schustermant 

This repair (see Hgs.5.| iXli) h technically feasible but 
puses significant problems, The condylar head prosthe- 
sis is not approved by the Pood and Drug Admiuisira 
lion and is nol available in the United Slates. I ong-ter-m 
use of tile condylar head prosthesis within a heavily 
radiated field increases the possibility of skull base ero 
sion by the prosthesis, with potential dislocation of Ihe 
condyle into ihe middle cranial fossa. Therefore the use 
ol Lhis technique is guarded, 

The patienl should be placed in arch bars II dentate, 
II the patient is edentulous, a dental splint or denim e>, 
may be fixed to the mandible and maxilla with 2,0 lag 

screws. It is helpful lo trim the d« re to be slightly 

smaller than Ihc planned osteotomy to facilitate tumor 
removal Gllee the resection is completed, I lie patient is 
placed in IMP. The appropriately sized condylar liead 
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Situation after roitti I i< hoifktifilal part '-pi' the man- 

i.llllr incllllliliy, llir .im r ml [flig laUJUS on Hie righl :-h|.. 

.'• "i 1 ■■ 1 ■; 1 >■■.! 1 : <>niii.. a rijntiJI pari of the ctwidyl* 
I 1 i.iin'i «n pla« and wto used foi fixMjtui mi itu- bfi:%ing 
pl.ite with two screws. 

Patient remaraedJree ot disesijie and r< -i :qnsti Miction or liie 
Jii.uidihk'ivdS ptTlormi'i] willi .1 lit"' vascukrfeed boM-gjal'l 



from Ihp fibula, In this ease the previously used recwvi I 
ii" ' plan wtfs removed,, and futHtion carried wt with I n 
►"Cisal Fracliire plaler> lo Ihf rruindib'.il.u slumps and mini- 
plati • for 1 1 x.iil ion oil he oslerri omits in I h 1- - lin nea, 
SJIlmlion after rcmovnl nl" the minipJale* in the diin ir m 
Adilil innal hone graft ill (he chin urea and placcmcnl of ilert- 
lal impSiinis, 



5.5 -Technical Errors mi 



reconstrui i ion prosthesis ts dieses and bent to reestab- transcondylar screw hole length is chosen to avoid Si I fiW 

lish the mandible contour. II is helpful to prebend a tern- protrusion. 

plau- prior to reseii ion ol the mandible. This helps m Patients arc recommended k> remain in [Ml for 

recontouring the plate mure do&ely to die mandible, 2 weeks to ensure correct positioning and to allow pre 

Mav sutures placed in the lateral, medial, anterior, and liminary bone and soli tissue healing, hunction.il n 

posterior joinl capsules aid in assuring correct condylar bililation is advised to achieve inaxitu.il results. 
placement within the joint space. Care must be taken not 

to force the prosthesis into the posterior superior joint , . 

position since this produces a canted open bite occlu 5.4 Complications 
sinn at the side of the repair. Once contoured, the plate 

should be fixed to the mandible with al least four bicor- Complications occurring from reconstruction of tumor 

tied 2.7 pretapped screws. Small adjustments of the defects are related to technical errors, screw failure, soli 

plate may be made in situ. It is desirable to remove IMF tissue failure, joint failure, bom Inline, and material 

temporarily to ensure normal OCClusioOi joint Junction, lailure. 

and range oi motion. This also fat tlitates the placement Many problems are obviously intrinsic to the healing 
of the free flap. The plan is generally removed and the process and are unavoidable. The use of microvascular 
free bone flap osteotomized and contoured to fit the bone flaps has greatly reduced the rate of sofl tissue and 
plate. The final sizing of the graft may require adjust- plate failures compared to that when repairs relied "iilv 
ment once the prosthesis is secured in its previous cstab- upon the plate providing mandibular integrity. Other 
lished position (see Fie. 5.15). considerations involve patient selection, eost contain- 
ment, and objective assessment ol reconstruction bene 
fits for patients with these aggressive tumors. 



5.3.16 Condylar Reconstruction: Condylar Transplant 
and Vascularized 8one Flap Reconstruction 



5.5 Technical Errors 



if a planned resection includes disarticulation of the 

condyle and a small condyle and neck remnant is found Technical errors involve inappropriate Selection and 

to be free of tumor, the condyle may be transplanted to application of stabilization. Likewise, appropriate con 

a vascularized tree Hap (Hidalgo*. Another option is lo louring, application. ^^ rew placement and vessel repair 

leave the condylar head in place and attach it to the are imperative when tree Maps are applied, but 

shaped bone flap (Tigs 5.17. 5.18). Proponents of this sion of these issues are not within the vope ol this i 

procedure are concerned with poor results achieved by book. 

using vascularized tree lLi| rate the neocondyle. There remains some variance in the choice ol fixation 

Few patients with oral earners are amenable lo this pro ol free flaps for mandibular repair. Some authors select 

cednre since lesions extending to the proximal mandible "miniplates" to position and stabilize osteotomy sites. 

and TMJ usually have extensive involvement to the h ! Ease ol application and less potential interference wiih 

suesol theskullbase. The majority of tumors allowpMfl the graft and its vascular pedicle are the advantages ol 

creation of substantial condylar neck and posterior this method of rotation. Although larger bridging plates 

ramus to fasten securely a reconstruction plate are more difficult to bend, they allow more precise « 

(Fig. 5.19a). Although transplanted condyles have touring and supervision. They may also be helpful in 

shown resorption apparent short-term function is providing increased stability tor thinner bone (laps such 

reported to be better than other bone reconstructions as the SCapilk. Regardless of the surgeons choice th< -a.i 

even when patients receive radiotherapy. bili/ation must overcome the forces Ol masl t< aiion and 

I \pusu ie is described above. The free ormicrovascu- allow bone healing with maintenance ol normal man 

lar Hap may be secured to the residual mandible with dibular and ioint relationships, failure to position the 

eiihei s reconstruction plate, Universal Fracture platcos mandible anatomically results in a rigidly fixed mistake. 

miniplates ( fig. 5.19). Patients should be taken out of IMF ( if used) to test the 

In the case of a condyle transplanted or left in place functional range of motion -t\^ maxillomandibular 

fixation to the microvascular bone flap is carried out position before accepting the repair. Then, tl the repair 

with miniplates or Universal fracture plates. Two or and surgeons preference mandate, the patient may be 

three screws, if possible, should be placed in the trans- placed in IMF for a short time. A period ol IMF is gener- 

planted condyle. The screws must not protrude into the ally not required when bridging plates are used to stabi 

trtk ular Stirfece, M -.crews are to be placed in the con- lize the defect. The only exception is the repair of large 

dyle. they should not be pl.u ed bicorticallv (see Fig.5,17 bone defects, including the condyle, 
inset, 3. 1«H). A screw 2 mm shorter than the measured 
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Care musl be taken to place screws in viable bone. It 

5.5.1 Plate Failure is safer to keep the screws about 1 cm from the osteot- 

omy site. One can conveniently plan to keep the one seg- 

Plate fracture is possible when any plate bears the entire ment hole nearest the osteotomy without a screw. Can- 

functional load for extended periods. The surgeon must musl be taken to replace screws along the previously 

accept that the bridging plate ideally is only a temporary formed thread axis. It is potentially easier to recut or 

repair for tumor defects. Ultimately bone is required to damage a thread when reinserting self-tapping screws. 
allow total functional rehabilitation. 

Several technical errors can contribute to plate fail- „ 

ure. Overbending must be avoided. It is important to use 5.5.3 Soft-Tissue Failure 
prebent plates in the region of the angle to avoid over- 
bending and metal fatigue when attempting to create the Adequate vascularized soft tissue musl be available to 
contour of the angle. The use of templates helps to sim- close the wounds without tension. Small lateral defects 
plify the number of bends required to achieve the may be closed primarily if patients are not to receive 
desired shape. Correct bending pliers help to prevent radiotherapy. Pectoralis major myocutaneous flaps may 
bends that are too acute. provide excellent closure if flaps are not fatty, and the 

random portion is not over the plate. These tend to be 
far better for nonradiated patients. The pectoralis major 

5.5.2 Screw Failure flap tends to separate from the mucosa for anterior 

defects. Once significant flap dehiscence occurs, plate 

The correct drill guides and the correct sharp drill bits exposure usually follows. Free vascularized bone flaps 

and laps (when required) should be selected for each provide vascularized bone to which the deep tissues 

system. A general rule is to discard a drill bit after each adhere. Plate exposures and small wound separations 

use. This is far preferable to destroying a screw hole by tend to heal without secondary repair when free vascu- 

burning through the bone and destroying the adjacent larized flaps are used. This is unlike the case when a 

bone which is required to maintain screw anchoring, bridging plate alone is used to span the mandibular 

Copious irrigation is also required to cool the bone and delect. When the soft-tissue closure separates and 

remove debris during the drilling process. This is more exposes the plate, the deep tissues tend to lear away from 

important with screws of larger diameter as for their the plate and require extensive secondary procedures to 

holes more heat is produced during drilling. High-speed attempt repair. 
drills are not recommended since they tend to produce 

more heat during the drilling process. . 

There has been a misconception in the literature thai 5.5,4 Joint Failure 
screw design is the factor determining osseous integra- 
tion. Osseous integration is a characteristic of the mate- A mobile pain-free TMJ is required to optimize oral 
rial. Commercially pure titanium is essentially biologi- rehabilitation. Installing correct occlusion and stabiliz- 
cally inert and allows osseous integration without a ing the correct proximal mandibular position are man- 
fibrous capsule surrounding the implant. Therefore all dated to achieve this goal. Unfortunately, procedures 
ol the AO titanium screws are capable of osseous inte- which attempt joint repair frequently produce joint dys- 
gration. Some designs allow more surface area or poten- function. The suxgeon must realize that procedures 
tial bone apposition (i.e., THORP). which involve the joint require rapid mobilization to 

Liken et al (1992) have reported that the THORP rehabilitate function. Long periods of IMF are contrain- 

screw entails fewer screw failures than the 2.7 screw of dicated. Aggressive functional rehabilitation is required 

the older reconstruction plate.This was attributed to the during the healing process and is mandated through 

unique screw design and locking feature of the plate to radiotherapy. Radiation induces fibrosis and extraos- 

the screw. This may also be related to the screw dimen- seous calcification which lead to ankylosis and dimin- 

sion. If one considers the surface of the screw to be tcDL, ished joint function. The role of agents which increase 

the surface of the 2.7 screw is 77% of that of the 3.5-mm oxygen transport or scavenge free radicals is still unan- 

SCrew, Likewise* the 2.4 screw is 69% of that of the 3.5 swered but may help to diminish joint dysfunction in the 

screw. Four 2.7 screws are therefore required for the future. 

same bone surface contact as three 3.5 screws. This fact Careful maintenance of the joint offers the best pos- 
is more important in bone that is more osteoporotic or sible repair. Whether the condyle can be transplanted 
demineralized as seen with radiotherapy. It is essential and maintained in long-term function is less predict- 
to prepare for three-screw holes for the UniLOCK or able. What is clear is that radiolherapy is the single most 
1 1 IORP screw and preferably at least four screws if lock- critical factor in decreasing joint function when lechni- 
ing screws are not used. cal errors are avoided, 
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5.5.5 Bone Failure 



References and Suggested Reading 



The residual mandible may be subject lo failure by acute 
infection, secondary infection (usually of dental origin), 
ur osteoradionecrosis. It is imperative to restore good 
ik-ni.il hygiene in the remaining mandible if one antici- 
pates the bone to tolerate extensive operative restoration 
especially in the field of radiotherapy. The incidence of 
osteoradionecrosis exceeds 5% and increases if fastidi- 
ous dental care is not provided. Patients should have 
dental consultation prior to planned surgery and radio- 
therapy. 

Screws that loosen are generally associated with 
Infection. These should be removed to prevent extensive 
suit tissue and bone destruction. The plate length needs 
to be planned for the placement of an adequate number 
of screws to secure the plate. Exposed plates seldom lead 
to bone loss unless the plate is inadequately fixed to the 
bone. 

The use of vascularized bone flaps has decreased 
localized bone failure. Immediate bone repair produces 
rapid bone healing, which decreases the functional load 
on the plate system. This decrease in local soft-tissue 
and screw failures reduces potential bone toss. Micro- 
vascular iliac crest, fibula, or scapula free Haps have a 
better blood supply than the denuded mandible, which 
frequently has alveolar artery and facial artery injury. 
These grafts are relatively tolerant to radiation. It will be 
interesting to determine whether there is an increase in 
bone loss in patients receiving immediate implants and 
postoperative radiotherapy. A higher incidence of 
implant failure has certainly been observed in view of 
radiotherapy. 

It has been well documented that plates do not signif- 
icantly interfere with the delivery of standard radiother- 
apy. Back scatter and shielding are not significant at dis- 
tances greater than I mm from the implant when 
opposed ports are used. Therefore bone complications 
are more likely due to the extensive devascularization 
required by the surgical approach than to the interface 
ol the implant and bone. 
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— rate internal fixation al the time of surgery be achieved. 

6.1 Introduction Bite registration is taken in a comfortable neuromuscu- 

lar centric position thai reflects the desired condylar 

Internal fixation of osteotomies of the facial skeleton position. The use of a nondefor enable silicone or alumi- 

ensures bone healing under stable conditions that per- num wax bite registration is recommended. In order to 

mits immediate full function. Internal fixation also confirm the accuracy of the bite registration temporo- 

determines al the time of surgery the position of func- mandibular joint laminograms can be taken wilh the 

tional bony units of the face. Internal fixation provides bite registration in place. In cases where a centric, slide is 

fixation forces to counteract functional muscle forces on a potential problem preoperative laminograms taken in 

the facial skeleton and thereby helps to maintain the the planned centric position can be compared wilh 

planned surgical position throughout the course of heal- postoperative laminograms in the planned final occlu- 

"'■•'• sion to assess the accuracy of condylar position. Confir- 

For surgery involving such precise fetting subunits as iiiation of the bite wilh the mounted casts at the nexi 

the maxilla and mandible, stable internal fixation patient visit can also ensure that ihere is no "slide" in the 

requires careful planning and experl execution. Func- bite registration. 

lional dental occlusion musi be established with very Dental casts are trimmed to closely resemble the 

low tolerance for error. While achieving stability is the bones to be moved. The maxillary cast is i rimmed lo the 

greatest asset of internal fixation, it is also its greatest height of the palatal plane. Il is trimmed back to show 

demand. the location of the piriform rim, malar bul tress, tuberos- 
ity, and posterior maxilla. The mandibular cast is 

^— ^— ^ ^ ^— trimmed to the height of the symphysis (incisal edge to 

6.2 Treatment Planning for Internal Fixation gnathion). The cast height is trimmed lo malch the 
of Osteotomies height of the horizontal ramus as determined by the 

cephalogram back to the gonial angle. The back of the 

Stable internal fixation demands that the final position cast is trimmed flat at the level of the gonial angles and 

in which bony segments are placed is determined at the mid ramus. 

time of surgery. Meaningful adjustments of bone posi- These two pairs of trimmed casts are then mounted 

lion are not possible without a return to the operating on a semianatomic articulator with a face bow transfer 

room. Careful, systematic preoperative planning is nee- (Fig. 6. 1 a,b). Each cast is waxed lo a plaster base. The 

essary to achieve fixation in the correct position. The I wo pairs of casts are mounted in sequence on the same 

most important aspects of preoperative planning to articulator. Marks and measurements are made lo assess 

emphasize with stable interna] fixation are: movements at all critical sites, including the occlusal 

plane, Le Fori 1 osteotomy site, and chin. Marks on the 

• Determining thoroughly Ihe planned movements of external oblique ridge and inferior border in the third 
bone in all dimensions molar areas determine movement al those locations. 

• Determining the movements based on a correct con- Marks on the backs of the cast reflect Ihe medial lateral 
dylar position rotation of the segments. 

Model surgery is performed to reflect the correction 

After clinical, cephalometric, and model evaluation lo of the occlusion and the planned movement of Ihe bone 

design the main features of ihe planned surgery Ihe final as determined by the clinical and cephalometric assess- 

planning tor internal fixation is made from the model ment of the patient. In deciding on the final position of 

surgery. Two sets of alginate casts are taken and poured segments aitention is given to tissue tolerances and the 

in stone plaster. Only with a bite registration that rellecl.s limitations of applying internal fixation. For example, in 

the desired postoperative condylar position can accu- ihe ramus planned for sagittal split particular attention 
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Fig. 6,1 a, b 
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Ihiw Ir.iii'.lui 
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i- given Hi roUilional movements, ramus lengthening 
in'rvciiiiritr-., mandibular plane angle chances, and 
aiiUHirtl oJ anlerioi-nnstennr change al bofli theexler 
it. 1 1 oblique ridge and Ulfedor borders. Kecoids mi Ik . 
rnnvt'iiK'iiis are made and arc binnglM cu ibc operating 
room lor intraoperative coulinnaliini n| setotJSttl poftj 
I ion (Fig, (1.2) 

Occlusal wafer Splints are constructed loi nil patient* 
in order to accurately achieve Ihi* planned | ■ . . ■ : 1 1 -. m i <.| 
segments. Wlu:n I he surgery is in huth jaws, an interme- 
diate .splint thai reflects ihe maxillary movement || 
made, These splints are constructed as Follows, A 1 1 c r the 
planned movements are completed on the firs! set of 
casts., a final ai.rylic occlusal iv.i I. i fl I" I".-: uMubri 
mating (he linal ta&iS and eliminating undefcuU •> 
applying cold cute au-ylu w.i|.-r to the maxillai v ie< Mi 
li i '.I .'.mi I !'. ) when the acrylic is doughy, closing the man 
dibit mi..-. <-.! Iu,;i..:.|i lining the bulk m acrylfj -i i .cJtcd 
in ihe maxillary dentition. The resulting shallow m.clu 
BflJ loniactsin the mandible allmv a path ut closure m l 

natural hJrtp .m.'. per mil line, | 'Jiatc mobili/aliuri 

nl' Ihe mandible and liill function without inter in, imI 
Jury fixation (Fig, <»,.!. j, 

Intermediate Splint. It the Surgery is lor movement s in 
boih jiiw.s, an intermediate spina reflecting only (he 
maxillary movement is then constructed us follows: 

I. The mandibular casi showing surgical movement is 
removed and replaced with I he iincul mandibular 
cast. lAliei n.iii',-..-lv. li,,- smtui.il , ;is| in, iy be broken 
oui and returned lo ils"preupernt :'. h po: iimn using 
1 1 1 e 1 1 1 1 e m ca.su rem e n I s ) 

2i Wiih the fin.i I splint in place a nd at lached lo me max- 
illai;, , aits ibat reflect lite surgical movement til lite 
maxilla, ihe casts and splint are pie.i.sed. 

3; Cold cure acrylic is applied in both the mandibular 
I" i lijvmn and the maxtllary occlusal -;plmi tia the 

;.!'■ .m. ' loscil In the hrsl < ,ni, ihe resullmg 

splint reflects Only the maxillary movenjCtll agamsl 
Hie uncul mandible 

With ihe model surgery completed, die uiUTtiii-J i.n . 

ami final splints are brought to the operating r n 

These are accompanied by act ttfllli Hi ice dimensional 
measuu'iiirrii | ui movements at ail critical it In. ,•; 
measurement!, can be recorded on a form m reflected In 
i i 'mm i li l ted lernplales, 

I hecriiiL.:ilsiiLSlorthese measurements "mmaxilhr \ 
surgery are 



• central incisor midline al the Oft lusal plane 
« Anterior nasal spine 

• Piriform rims al I be palatal plane 

• Canine tips 

• Mesiobucuil hrsl molars nctlusal plane 

• Zygomatic 1 1| t| 1 1 esses at the palatal |'lane 
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Fig. 6.2 

Movements on l In &i h, iiljiur tot hirimsillary |iiiivcdim,'. I . 
Ct>« ipka i.vinmeuicalivwvuTienl in I hi-, patient demons i.: i 
I liu- L .' 1. . , .v-, a1 |M l'-mi:,iii,,h iHfHornasai K]»tiie and ihe mandib- 
ular rami. Tin.:.. ,m ceftei hu.miI eJiaiigaji lci.il mu seen at the 
lime: or ii.stt'i>f<iruy lix.ilnm. 





Fig. 6. 5 

The iul1ii',.iI ',v,iI,i mi, i|i.' uiMs. J h«* filial ,'mIp.,!! (jj the 
1 Is iii'l'-'J nsti ..:■ i- ... -. . . lirtfi mimul It, :l i£ at* Oil ■ -,jI "m Ir- 1 ..011 
.tum-tcil on Hie muuiiU'tl dent u I uv.i; 
tmekOfy I • . .- iii v.'.i_mi viMhk 1 1 hi 1 .1 1 ■■ 1 ■. i- ..;, 1 in- in.iii.lii-.Miariccth. 



e measurements are essential to ensure ««>o.d Inms- 
ver.se and vti ttuiil symmetry of I ht- Hate in the surg-.i a I 
plan, All movenicnt'. org 1 urrel.iied with theehmcal data 
bam, I in i-K.impit-Jl the database indium-. .1 M'l nuxtiis 
I luil is 5 mm longer Ihan the Hglii with a devialjon of 
pogonion 7 mm to the rightytbtue measurements Nffl*\ B 
thai the surgical plan correct! nol only ihe malocclusion 
but iheasynunelry 1., wdl. The need to alter I In* surgical 
movcmenl.s b( Incorporate admin live procedtmij' Mich 

■mioplaslyoi I e< idling becomes .ipparenl at this 

lime. 

II is us.settt ui| that these exact measurements ,im 
reflected in (he position ol oaseoua tegmenta when 
stable iaifthta] fixation is applied. This musl iru.mpnrale 
the establish meni of (he preopei alive condylar posh Iwi 
and ihe reapplied ion ol"< ondylar -position ,»l ihv linn t)J 
surgery. With the inierme.li.ii >■ .splint und final Splints in 
place, movements of the laws are ujrnpared Willi move 
lIUMltd on the easts in the operating mom lo determine 
whether ill.; ri^pei position ol. segments arid .undylar 
position has been achieved. 



6.3 Surgical Procedures 

6.3.1 M andibu \a r Surgery 

6.3, 1 ,1 Sagittal Split Osteotomy 



Since introduced hy Spies.sl. lag screw hxalioji \$$ 
remained Ihe musl frequenl means n| stahJc internal 
fixation ol sagittal split osteotomies of the mandible. 
Mmiplate fixation and positirni.il screw lixaliou an- also 

used. 

Several modifications ol lechnUjue are helpful in 
achieving stable interna] fn:aliou ol ihe sagittal split 
w '• -uiumyTliL-Dolponi modification extend* the buccal 
vertical •-hi dowil the anterior oblique ridge lo the 2nd 
molar area where i| fe completed m ilu> horizontal hody 
of ihe mandible. This itmdificatkrn permiti .1 greater 
smiine .ik'.i |m] '>..ti."A's. particularly in niandihular 
advancement surgery. In the HuttSUCk modification ilk- 
Split is alonp, the lingn.il siit&ce ol the iamus behind Ihe 
net we. This improves the ability lo set back the maud 1 1 . 1 ■. 
wilhoul impinging poster iiuly. 1 1 also helps in pruce- 
ilores lengthening ihe ramus as the m.isiit.iitnr sling is 
."'. !■ 1 u In I li'ss as l he dislal segment move-s mferioily. Tl ie 
Hunsuek 1 nod tfi cation does nol permit easy place men I 
ol screws ai ihe .interior border however. With ihe llun 
stick modification it is often necessary to place all strews 
at the superior border (Pig. o.4.i 

The kvhn!qiie lor performing ihe sagittal split must 
also In* linle careful ailemniii to ihemandibobr nerve, 
which results \n its placement in ihe distal segmem 
without impiiicrnieiil. When ihe. segments are placed, 
Ihe position or the nerve must be continued, ["fee plfflE* 
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Hiui.suv.-k niodilJculioJl, file filial iftlil osteotomy is naodifiitl 
by iiKumulcleLy pHTforttilflg the osteolomy to ihi; postufior 
MM! Icr above ihe liiTguJa I'Jiih results in an osteotomy within 
Mil- Ungual on ii. i! plate, 



merit of screws only on the-.supf riur border or Uk- u#£ ol 
inuiKKxrrtical plate fixation muy result in Ijjsi lisk of 
neu mimesis and COntpressiwi injury ol liie mandibular 
nerve. 

The position of the distal segment uf the sagittal spill 
is determined when Ihe patient is placed in occlusion in 
the hnal splint. Proximal segmonl position can bcdeler 
mined either by a condylar positioning device or manu 
ally.In either case the recorded movements nl llit model 
surgery in 1 -. i irr p.t: i. i.l Willi ilm .i. aclbievecl in die opfii 
almg room at the superior and interior border. U man 
ual positioning Is perWmed,;i Thngmnn hunt 1 holding 
h i •.reps or other clamp on the anterior hinder is a useful 
device lo maintain Ihe segments since its paired beaks 
e i ig; i g$ W h i It* t Ii ey a re s I i 1 1 sepa ral cd, Thl s prevents j jve r 
compression of the proximal segment whieli may result 
in lateral positioning ol the condyle. 

The surgeon may elect lo position the proximal sfig 
met si via direel measurements laken I com I he model 
surgery or through Ihe use of a condylar positioning 
device. Condylar positioning devices ate designed lo 
reproduce the preoperative relationship between the 




Fig. 6,5 
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Corned iu,,niivi ,.i sagittii •■ 1 1 In prteotiunj! and atitcrftj* 
i. ntuMiR'iil OJ mandible. Anterior ^.ips ere kepi and Stabi 
lifted wjth fHisiluHimg^uTcws- Pq^wjor imliir.il gftfttSC! HEfJa is 
stubttiicd Willi ,i lag ,;,. • ■ 

i'?m'( m Lateral nmdyliir displacement dot to lag fcaww ftxnluin 
in naturol grtp ni\*;i, Under Uk-nc aiLum-Klrnices I hi? ..I>u 

•i '■■ i •■' rln i .nihil tegtncni is iii';|ii,-,. .1 ii im iii.tllv. 



fa ... i i'. The ii.se of a shim of bone to prevent IqltJuJ condyki 
1 '.•.pliiciiiucmuiitbtf jJt'rliji-nied vvifb .LNingh 1 Lg b'< rcwfnth* 

JiKi.HtproKimul pcr.^Jliofi t ..' U :>.•.•■-■ I !iy [ n :--, ii lunal sLrrwii pi. ill ..! 

ihrmigb ihc s.iml'.vii .bed sJibjii 1 • . . 1 1 l- urofi. A niece ■ of l lu: div 

tnl aspect Ol I hi' pltfltlttiaJ .segment can be renwwil Id «M •■. i 

as ibis graft, 
farse&t i',d,e: The various possible plftO LTH Fit! of either lag or 

pusltouittg RcfmVB, 
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Hg.«*7 Flg.fi.an-e 

Fixalionot sagiltul split osteotomy for class 3 ocdiwion. Nsiin Plate Jlxutuni ol Siigitlal ujinuiiimy. Mo nrxo rurally applied 
r«il iouucl urea in distal iwpettt ol' proximal segment where <i plates provide acco rule positioning Inn inferior fixation forces 
lay flcr*W is used. 'I'Ijc other fscTSYiS ?WC placed *5 pOtttlOfl in llie iiiainiiluiSar s.ijj.iunl spill nM^otfiiiLy, 
smiws. ■ Oiiu 2,0 miniplnlv 

b IVn 7.0 minip.l:itt.s, 
c Splil fix plate, or adjustable Mtggniai sphi plate 



proximal segment of the mandible and die maxillary 
base, Jo ihis ease a plate is ben I and fixed to the lateral 
border of the ramus and maxilla (cephelad fo any max- 
illary osteotomy) before the osteotomy is eompleted. 
The plate is removed. Following the completion of the 
iiiMitnmy the plate k replaced while the final ramus tix- 
alion is completed (Mg, 6.5). 

Understanding the planned movements In three 
dimensions asat&JES thesiurgeoi) in deciding what modifi 
cations in the osteotomy to perform, whether to use 
bone grail shims, and which method or internal fixat ion 
|m employ- In mandibular advancement surgery tight 
clamping (or a lag screw ai area of natural gap) of the 
ramus causes Ihe condyle lo position laterally {Pig. t ••. 
iii' i.-i. a), In thia ln'atatli C positional screws or a single lag 
.-LfL'W can be used al the pOtttl of natural contact fol- 
lowed by Iwo positional screws (fig. 6,6, inset h), Addi- 
tionally. In me contact wilhout condylar dispiacemenl 
can be assisted by placing a "shim" between the seg- 
ments (Fig. 6.6, insel h) with lag screw fixation. Further 
examples of the geometry ol screw fixation are sltowi i i n 
I i g.6,6, insets e-r). Figure 6*7 shows the placement oflag 



sl tews .iiiil pn.si I inning. screivs in relroposi tinning of the 
mandible. 

Condylar position and stable internal lixalion can 
also be achieved through the use of a monocot tically 
h.L'd plate with 3,,0-mm screws on the external oblique 
ridge. This permits fixation wilhoul condylar displace 
rnent. Mechanical load resistance with ihis technique is 
interior to dial with screw fixation oi the ramus. For ihis 
reason Iwo plates are used by some surgeons lor each 
osteotomy (Fig. b.il). 



6.3.1 .2 Other Ramus Osteotomies 

'the vertical ramus osteotomy is nol commonly used 
with stable internal fixation because ol the many prob- 
lems in maintaining the prt Opei itive condylar position 
and the risk to the mandibular nerve when tran.slnki.il 
screws are applied, There have been reports of miniplafe 
fixation of the proximal segment, but the ability to apply 
immediate lull function has not beer established, •• 
result most vertical ramus osteotomies are still pei 
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inverted L (►sieuiixny. Italian with a 8*i£bili£iitto*i plnte with 

iiui.vur'.w.'.perstfflmenr is n miL'sidedsiruL- Ihis . osrcotomy 

ih Ihemtvhunkaleiiuiviih-nl efa mandibular continuity dr<: , : 






Formed without direct u -aeosynlhesis and with inter - 
TliiJ.x il l.iry lixaluni. 

Inverted I osteotomies ;m ir.nl with stable internal 
fixation when the procedure is used lot ramus lengthen 
ingandadvancemeul with an interpositional bone gra.lt. 
1 1 a- inverted I. is especially n.sclul in a short ramus jwich 
H' k"iiiii.n ial microsomia when a larye ramus lengthen- 
ing and unlay bone grallmg is planned. 

'IMS procedure is performed with a retromandibular 
transcervical incision. After intermaxillary fixation I he 
proximal segment can he positioned with the An hone 
holding Forceps spread apart with the wing mil engaged 
Movemeul.s ol the inferiur and superinr borders are 
checked willi the' SufglcfoJ plan in ensure condyl.ii pa$j 
lion. (Alternatively, B immoral condylar posit liming 
device attached to the cohhimiJ pj-pcesj may be used.) 
I 'i vat inn ol the segments and graft are completed with a 
2.4 reconstruction plate oro Universal Practure plate. 
Four screws in both Uie pros irnal and distal segment e i e 
re com mended to permit full fit m i im i in Ihis procedu 1 1 
( l uluy hmiegral Is. ii' indicated. can then In' $&m bed with 
1 tg screws (Fig, rv», 



6.3.1.3; Genioplasty 

Anterior mandibular Jioiv/iuHiit osteoiomy is pffl 
formed wilh a power saw in the routine manner, Por 
complex movements tempnrary fixation can be 
obtained with a transosseous wire or a single tag ••.•. resn 
Final three- dimenstonally stable ftxa&bii of iht.n osleol- 
im\y ran be achieved with Iwom mora lug screws, a pair 



Fig. 6.10 

t-.fmKipl;r.i', fixation, MinipJjtf or Ini; •;, i ..- >.-.■ 1 1 - .i = ■ . i ■ ...t.n be 

employed w Hi the geoJtjpiwty w*t« ny. 



of straight places, or a single T-, Y,H , or X .shaped I S- 
1 ii '.O-uim plate. When combined wilh a subapical est* 
atomy, ;i single H-shaped plate or snanjii pkties can 
provide ligation lo bolh osteotomies simultaneously. 
Screws are usually 4-6 nun long, 

I n; Screws may be placed transorally with gemo 
plasty, The inferior border oi the distal flegmenl to llie 
lingual plate of the aiipertat segment pmvid.es the 
appropriate direct ion lor many situations, 'I he advan- 
i.iv> s ol the Hi screw (In-.??, nun long? are that men tails 
niusi 1 1- and muscle cpisojsperijitoil can he reattached 
there easily, and I hat no plate Is palpable in the menial 
Io3d(%o.l(t), 



6.3.1.4 Mandibular Segmental Surgery 

Anterior mandibular subapical osteotomy is performed 
m ihe Usual manner, wilh attention to making fhe infe- 
rior osteotomy .it L-.i.s! 5 mm apical to the canine apex. 
The segment is posilioned in iis lu'dusal ivaler wilh 
rnaxillomandibular fixation. A straight plate, T, I.. H, or 
X plate can be employed lo provide monocortical lixu 
lion wilh 2.M- ur [;S mm screws. Lag Si Fgwg are usually 
not practical due to ihe proximity of the loo lb apices. 

Fixation ol subapical osteotomy can he combined 
wiiligcmoplasty fixation thron^h die u.seol a variety of 
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Fig.6.11 

Sul>iipit:,j| osteotomy and getrfnpjsett^ Mtaiplfllc Ikatlon is 
eomhined in rapport both o.sleohmi u\s vii< I bw isiJinuis [rf borw 
between ill, shjJjjimbwi*, 



plate combinations. Fixation of t ] i < • islhmus of bone 
between the genJcrplaSty should be pari of En* .screw fix- 
ation scheme ill order to pre mi I iota I ion of the segment 
I tig. f>. II). 



6,3.2 Midface Surgery: Le Fort I Osteotomy 

I In- pcrlormance of the Lc Tori I osteotomy is nol sub 

iiilially altered by the use ol plate and screw Tim lion. 
'I he surgeon should give attention lo recording ihe. 
movements of the maxilla by ma king score lines or holes 
lo measure maxillary movement. The location ol the 
osteotomy ill the piriform nni should allow the pl.ue- 
menl ol screws apical la Ihe teeth in die premaxilla. At 
least S mm nf bone apical lo the molars and premolars 
is helpful in permitting the sate placement ol screws m 
llie.se location*, Prior in the Initiation ol any fixation the 
closure ol nasal mucosal rents, any necessary Inrbmec 
lomy, seplopkisly, and relief ol the medial slnu.s wall 
should he completed* Hemostasia should he ensured 
prior to fixation with allention lo inipingemenl around 
ill' 1 anlerior palatine arteries. 



The uuxillii is positioned in all three dhueoioiis for 
fixation by assuring the lof lowing j urn pone nt.s: 

■ 1'he placement ,ii iii, i n .|h inlo the nihil occlusal 

wafer 

• The position of llu- condyles in centrti relation 

• The verlrcal posilion of ihe maxilla a.s measured ai 
Ihe osteotomy site 

Teeth musi rest passively in the occlusal water willi the 
palienl in maxillormmdihular fixation. Wire i: Ltion of 
the appliances is mutually performed willi a si in arch 
wire .iiul ;n least lour maxilliunandihulur loop:-.. Posi- 
tioning of the condyle willi ihe paheju jiupine under 
general anesthesia \& often problematic The tendency is 
1'or I 1 ... ruxiIJa to tome tun far forwaid in mpeffoi 
uolorotathm due CO I He turward slhle induced at thepOS 
tenor medial sinus wall. TMfl ihick bone oj die vertical 
I 'mi ess ol the palatine hnne must he ieJi.. -, v. I after the 
patient is in the splinhand inlerlerencesare idei .n|i. ..I 
An additional Nile of inter rert-iue foj upward and baek- 

• .id movement of the maxilla is Ihe pterygoid plates. 
Since the pterygoid plates proieU forward superiorly, 
relic! ol the tuberosity hone may be neie.ssnrvto per mil 
upward movement. 

Forcing Ihe condyle toq ftu b&i kward during maxil 
Ifflfy positioning may result in a maxilla that is fiaa 'I DO 
tar posteriorly, The mandible is best rotated into the 
final maxillary position willi upward manual movemeni 
of the angle.S ol Ihe palienl's mandible. Backward pros 

■ i;i t On i he chin risks overseating the condyle. 

The vertical position of the maxilla is determined 
Iroin ihe model surgery Measurements are easily laken 
,n the piriform rim and zygomatic buttress, .Measure 
ments in the midline or incisor i an he made only willi a 

• T.inial positioning device, These devices are nol neces- 
sary when maxillary movements are measured trom 
models thai are articulated via lace bow irauskr. Pot 
example, a 4-mm downward movement at the piriform 
rim .ucomplished by mandibular aUEo rotation might 
result m 6 mm of move a in u at Ihe incisor, Veriital |- 
ijMinng of the maxilla is afso assisted hy the placement 
ol inlerpositiona) hone grafts when downward move- 
ment Is planned. The:-;.:' grafts are plated in llu- piriform 
rim and zygomatic buttress regions. 

Fixation of the Le Fort 1 us teuioniy depends littoatfoj 
direction ol movement and the buttressing ol the in., 
Il,i achieved by direct bone contact. If llu- patient iSiuaf 
in maxilloiiiandibiilar fixation, the loads applied to the 
osicutomy site are predominanlly compressive. Im 
superior movemeni uf ihe maxilla where bone contact is 
excellem, ihe useol two | Tiles al the piriform rim with 
six screws per plate can be sufficient. The mosl widely 
n.si'il are 2*0 and L r .-nim screws wiih I plates or arched 
plates, The bone of the laienil piriform rim and Ihe bone 
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Fig. 6,12 

Mlniplw nation im the be Port I usiciHamy. I'l.nes ,»i the pn I 
form rim and 2yg<jiruilit buitsefcS provide support in thethii • 
est liime of the maxilla. 



Fig, 6.13 

lnterposltmn.il LMM^grai'te. The Le Fori I cMteaitMaypcrliij nied 
lor ckWmvard movement ..an nxCQtp'Oftte inlerpcmtional bone 
grafts wedged bcnciiili llic nunipTatos. tins should he pcr- 
li,a med kir yap.s voider limn •! mm. 



apical in Uu-i utittftl Bind l.iur.il incisor generally pro vide 
the best stability. Ricori [\ ar] Fixation of these Si rewscan 
he achieved by passing the in fetor screws as far as the 
1.1..1I llmii and the superior screws can engage bolh ihe 
piriform titt i and lite Litters! nasal wall. Usually lor all 
osteotomies where hone contact Initiressuig is, iiu.orn- 
plelc i H i.l di tionaJ plaits, are subsequently placed at the 
£ygonutic buttress ( Pig. 6. 12). Tor downward movement 
ill" Ihe maxilla ititerposiiion.il grails can be wedg,'<l 
beneath ihe miniplates {Fig. 6. 13). 

(I segmental maxillary surgery is performed, the 
occlusal splint creates a siilgti unit ol the inaxilla. horn 
plates are generally used to provide maximum stability 
once ihe occlusal water is removed several weeks po.si- 
operaiivx ly I ross.arch stability ran be assisted bv plac- 
ing a plate across I lie midline on the facial aspect of (he 
premaxilla, If Ihe maxilla has been split lor access as in 
a lumor case, rranspalal trie fuahou is somcllrm's used 
(see Fig. -1.2, 10, insel ' I 



6.4 Evaluation of Outcomes 

Parents are allowed full hum inn sftei Gsteotomies jker- 

tormed with stable internal hxalkm. Initial past Opera- 
1 1\ e tlinical evaluation should ensure thai the palieni r. 
CldSihg inlu the splint perfeclly, Pi *s lope ra live radio- 
graphs assess jaw |>osi I ion, o.-a. ■!.!<: .■:-■. and the position 

of plates and screws are taken with the patient closed 
inlo the splint (Fig, 6.Mb). Lateral and posterior ante- 
rior eephalograms and orlhiipaiiloii iojm.hu ,\w no* 1 
mally taken (l : ig. 6.14b-d). 

Elastics are often used to guide the paiients jaw I uric 
lion Since proprioception olllie: postoperative jaw posi- 
tion is some-limes difftcult. EhtstifcS can manage only 
very small errors in jaw position and should not be used 
to provide orthopedic forces, 

The use ot stable internal fixation does not obviate 
the possibility ol late surgical relapse. Careful assess 
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emu re uneventful iniii.il Inkling phase. 
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5. 15 ad 

Fudul asymmetry duif li> l<m of condylar iiiFd nn the Hghl 
wde during diiidh oo il The mandibular runns* on the 'right 
*ldc is loo ilhort and in OTijasqueice tin ijq tasp] « r ■ ' ■ i ■ : 
ck*viHU'il.Tlm Jaci.it heidll trn I In- riyhl *ide is .shorter lhan 
on the lefl. Tlus foetal Off) nimctry i.s comparable to hemifu- 
ci.il riiiciohomia. 

b Surgical correction cd facial asviiiiik'iry desc. nbrd m i. IT* 
correciioii -t-uns.ists of a U? Fori I osteotomy, 3 sagittal xplii 
1 1 Nlr. ifomy nn Hi..- Id l, u dun osteotomy and correct ion with 
IJOIW graft in the 1 mill mandibular area. 

C PostOf-j|-,ilivfOii:ni|Miiilnii)OKri-.ir. cl lb.- simmion ifeow 

fa, 

d X-rny .-.Imwinp, posterior .mtertur vjfcw fli I In: Slljltf! uucra- 
liim us described Hi b, 
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Fig, 6,1 6 ad 

d Dfagc&fXl t*l [iLiliunl iviih unln'itic undcnlcvcUipmeni ;nul 
reiii'|".,iiifvii ill iht' maxilla and ukmpnlion 6f lhr fkl'tfl 
|j'ji}.',lit accordingly. 

J.jkTiil i:r:pliid<ie r r..im ilhowiing the fetlopQsitioBiDg id |l)c 

maxilla ami elongation ofttaaj ial height is cfcacrihed in a, 

I'osUtpiTivlivc cephatoprani *:• in b, after a high Lb Fort III 

'■ih-i iv i lit an itdviiriLcmt'nl of* I he mult.u i and a iflg.fi 

tal split OKtL'uloriiy aflcr ri'treiposincming 01 rhi' mandible, 

: ;..iiHin of i lie ofttentamtes wiih ibe ?J> system. 

d Diagram jitmwirtg'.l:. i . -. S ■ l; ii> .m I , ind lljdrluttliorjiiMiitfn 

ttoYJed in c 
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6.5 Complications 

Comminuted nsltxHornies may occur during mobili/a- 
llnri nr during plate and screw fixation. this in most fie 
quern during the sagittal spin osteotomy. Care should Eye 
taken to Identify weak areas lor fixation and to avoid 
ovcriighlenni" sfit&m, ihe most Ireqm-ni sites lor coin 
in inn Iron are the tlijjpa&l plate at the angle region, par 
licularly when a Ihird molar jy .present, and the buccal 
pllili.' in mid minus. 1 1 comminution occurs, Ihe commin- 
uted segment can bebuili in Ifttget '.nbuini.-., permitting 
stable i i iivriwl fixation in mOSI qfltses I Pip, c>.l 7). 

Palpable hardware is most often a factor ai the pjj i 
form rim and nasomaxillary' region. The li*C ol 1 ,5 mm 
pluk's has mi! substantially reduced Ihe palpabiliiy oj 
this hardware, Hue to ihe ihmne.s.'i ui'ihecurlical bone in 
the ramus listeoiuuiv i -nintersnikiin', k seldom carried 
out. Symptomatic hardwan- fe rare, bul when il is a i.n 
tor it may be dtte to nmsde glidirq; oyer plau:,s ami 
screws duiiny, movement. 

Malocclusion in si nblc ti sal ion of o,siei domies may be 
bae re-sult of malpositkmed segments or problems In I lit- 
splint, condylar petition, temporomandibular joiul drst 
position, path ol cJo&ute. ot neuromuscular guidance, 
Postoperative malocclusion culls foi ■-■,nlv analysis of ihe 
cause and appropriate intervention. I bis may include 
ili'. use ol temporomandibular joint imaging Willi Ihe 
patient in correct maxillomandibular hxaliou. ll ntav 
in- hide removal ol the splint, removal ol tke plates and 
-;-: i-'w; ;ind rdixaliou iii the corrected pOflfliOtt, a new 
clinical data base, and diagnostic casts. 




Bg.6.17 

Loinmimition i>r die sagittal .jslemmuy, RefcMfisEHiitiiig en.. ..i 
Mg fflfrfi te in ihf event ol Lamrninulloo usually pfodm^s B*Wjk 
iiilerihil lix.ihun i>t ihe Luinnuiiii-:, ■! - ..-.:, , ,h . my. 
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CHAPTER Ci • Stable Internal Fixation of Osteotomies of the Facial Skeleton 



6.6 Summary 

Stable internal fixation of osteotomies of the jaws 
affords the opportunity for immediate function, assur- 
ing the planned surgical position, and less relapse for the 
orthognathic surgical patient. Successful application of 
this technique depends upon careful planning and 
achii vi 'iTiL-nt ol the surgical treatment plan in the oper- 
ative setting. 
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region. Since intracranial migration is especially prone 

7.1 Introduction to occur in those with syndromal craniosynostosis, 

some consideration for removing fixation materials, 

The earliest craniofacial surgery began in the 1930s with especially in the temporal region, should be given in 

Gillies 1 Le Fort III osteotomy in a patient with Crou/on's these cases. The placement of fixation material can also 

syndrome. In the 1950s and 1 960s Tessier demonstrated contribute to palpable or visible plates. Craniofacial sur- 

that mid face and intracranial approaches can be used geonswere initially concerned about growth restriction 

for cranial vault and facial osteotomies for correction, from fixation; however, il has been difficult to document 

The field rapidly expanded with complex craniofacial that growth restriction exceeds 5%-8%. Currently its 

deformity correction: hypertelorism, frontal and facial benefits therefore exceed its disadvantages by virtue of 

relrusion, facial clefts, orbital dystopia, enophthalmos, the increased stability created. 

Treacher Collins syndrome, and hemifacial microsomia Reliable internal fixation stabilizes osteotomy seg- 

were managed. mcnls and thus maintains their position. Often the 

The early surgical techniques consisted of direct vis- expansions created in craniosynostosis correction are 

i. ill /u ion of deformed segments, skeletal osteotomies, subject to considerable soft-tissue pressure. This pres- 

wire fixation, and the use of liberal amounts of bone sure produces forces creating relapse which are effec- 

graft to complete the reconstruction. Complex osteoto- tively opposed only by strong fixation material. Internal 

mics were initially designed with "tongue in grove" and fixation stabilizes the reconstruction for protection of 

"Z-plasty" techniques to splint and re-enforce the recon patient positioning postoperatively, even on the osteoi- 

struction. The current use of rigid fixation has made omized segment. 

design of such complex osteotomies obsolete. Although Stable fixation counteracts soft-tissue forces acting 

craniofacial surgeons largely prefer fresh, autogenous on the osteotomized segment in the early postoperative 

bone for transplantation and reconstruction, the use of period. The patient can also be positioned on the recon- 

newer materials (such as bone forming materials, structed area. Stable fixation prevents relapse and col- 

hydroxyapatite,Medpor,and bioceramics) offer promise lapse of the reconstruction, decreasing the potential for 

lor the future if their long-term safety and efficacy can secondary revision. 

be documented. Sufficient internal fixation also limits bone motion in 

Craniofacial surgery has received a tremendous slim- the postoperative healing phase, thereby increasing 

ulus from the development of computed tomography, to bone survival. It produces less complicated bone wound 

include three-dimensional reconstructions. These healing, with progress toward primary bone healing. 

reconstructions currently function to provide a detailed Stable fixation most probably decreases the tendency 

and composite picture of the deformity and Its correc- toward injection. The disadvantages of internal fixation 

lion (Fig. 7.1}. Surgical simulations may be performed include the cost and concerns about potential growth 

with computer imaging, providing a standard for plan- restriction, loosening, migration, and plate prominence, 

ning the reconstruction and assessing the postoperative Loosening.plate prominence, and translocation are seen 

result. mostly in the temporal regions and in younger patients 

The main advantage of internal fixation is that it and those with syndromal synostoses. 
creates stability of osteotomized bone segments. It has 
been shown that bone survives better with stable fixa- 
tion in most circumstances. In young infants the use and 
placement of stable fixation devices should be carefully 
determined to avoid problems with translocation of 
plates (intracranial or intracalvarial) which generally 
occurs in syndromal synostoses and in the temporal 
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in.: is in hi:, lifted lor cranial uvcmSiruc|h..» huludr the cMrf3ri.il 
iriLiNinn ind .••xn'nsions/j'liib i«rolye$ an uicfeian Fptrri) carfo 
• ■•I i- li hi generally carr'lntoui behind!!)* est If Inwei crxien 
Stan is !■ spiked [dotted lima), Iujji be "tijp iggi .:" fbi d les» 

.ippii re n I Incision (li-chniHUie ••( Muimi iw "stealth" techljjjjUg) 

'•'•■ '!•■" i h \y. 2). 
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7.2 Incisions for Craniofacial Reconstruction 
and Patient Positioning 

Trio coronal Incision is the. most uunmon incision used 
Iiii i MiiiHijciiil recoristnicticin (Pig, 7„">), When the full 
cranium is ppi ihimi ikirJ i Mr-, t 1 hi, .i "I '' is developed 
from tfii. Gorcnul incision wJiiih extendi posteriorly In 
allow tur rL'consiriu1u.ni.Wherihypfrh'liirJsm with bifid 
iim.s r, present, an .Hid rior " 1"" j&ee Fig. MM allows 
exposure mid permits teJtcMon ol excess tissue, The 
iliom'ng fat ;i lull cranial reconstruction in oh In 
children can he ihe "sphinx" position (Feu,. 7..?), When 
tht reconstruction is staged, ihe ank-rior and posterior 
■.;ui ■. .ii.i I mi "T" incisions are used, and the pm lent Is paw 
lioned prone for the postrrioi And supine for the ante- 
rior, 



7.3 Craniosynostosis 



i ..[-.iiimsyiuvMiisis. or premfitttre fusion, can involve any 
cranial suture. Early I union of I he suture Jinn is crania] 
growth. There are eight identifiable cranial sutures. 
Three sets are paired; rfghj and let I coronal, right and 
lelt Jamhdoicl. ami right and left squamosal (Fig. 7..I), 
The two midline sutures include the sagittal suture and 
ill" melnpic suture { Fig. ?;?&), I >ne should also be aware 
I hal ther* is a nasal frontal suture (Fug. 7,5a.) auieriorly 
and cranial base suture extensions {Fig, /Jib), 

When .sutures undergo premature fusion or have a 
growth re*lrit lion, they decrease ihe ability of the skull 
lo adapt to iJhj jjjnowingv brain. It is now known lhal the 
siv.eol ihebrain tu patients with cTaniosyno.stn'iisj.vgen 
LT.iIly normal ur increased, The complex relationship 
between the dura, brain, and signals providing suture 
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Fig, 7.4 

There arc Ihree sets of paired cranial mi lures, the right 
coronal. Ihe fij-lil unci J eft Limbdciirl. the right an J lell suinnu 

Mil 



■ i 



closure are not presently known, St- vera I general Ihn bo 
ties have been formulated to predict the etiology. Vir- 
thnw Mated that the >!• lormily is .related |o the lusion of 
Ihe suture itself, Mass' theory was related to the postu- 
late lhat ihe abnormality hegi lis in thfi I ranijl base in the 
synchondroses aitd-seumdarily affects the cranial vault. 
Other investigators have suggested thai (lie abnormality 
begins in Ihe mesenchymal blastema and is related In 
the dura where lensile forces of the growing brain ate 
not adequately transmitted in signal fashion to the 
•■ 1 1 M 1 1 • providing tin inadequate stimulus myrow. 

Recent reports fcuggjesl that abnormalities ol gruwlh 
Uh has occur Within the «>ulure. It is known that some of 
thcsyndromal synostoses, sucli as Crouton's syndrome, 
have, a mutation in the h'Gh'k J gene, t'ibroblasl growth 
fac tor is orti- of the growth factors. In Ihe Uoston crani- 
u'.vun'-rnM.; syndrome there* i.s a mutation of a Honn-i 
box gene. MS A' -2, which is thought lo control the- growth 
and expression ol olhcr genes that control differentia- 
tion and growlh. As. cranlosynoslo.sis develops, the 
growth ol theskotl is limited in a direction perpcndii U 
lar 10 ihe stilure- A flattening in the region around tin- 
suture results in cranial deformity. There is" usually com - 
peusatory overgrowth on the couirataleral side. When 
multiple sutures are iused. the tendency to develop 
increased intracranial pressure increases as the ability to 
compensate xvi I h compensatory overgrowth decreases. 



The term "pJagio<..,'pha.ly" is derived from ihe Greek 
and means literally "twisted skull." h is used to describe 
the syndrome in which a coronal or lainbdoidal suture 
fuses prematurely and results in lack ol growlh. flic 
lerm "anterior plagi'K r|'ha/y"' refers lo i involvement ol 
the coronal suture arid "poslerior plagiocephaly" to that 
of the tambdoidal suture. COTOad suture synostoses 
i au$£ ipsilateral or bilateral frontal flattening. In millat 
eral deformities one finds a decrease in the trans 1 .' :,: 
diameter of the ipsilaltral orbii. anterior placemen? ol 
the ear. deviation ol the chin poini in flu opposite aide, 
deviation ol the nose to ihe ipsiluleral side. i .ohh. i lateral 
frontal "bossing," ami contralateral occipital liaiteninp, 
(Hig.7.6), 

True lambdoldaJ synostosis \$ rarei many poslerior 
poatural or positional deformities can be nir,i,ik'ii for 
synostosis- tlirw-ilnnririiinal computed tomography is 
necessary to document fusion of the Klttcre i" i On#fr*l 
partial or complete synostosis (Fig, 7.7.1. Positional 
deformities are generally managed by the use of .i hel- 
met or positioning techniques' for infant sleeping which 
molds or relieves sleeping pressure on the skull, When 
both coronal and larnbdoidal sutures arc involvt-d, ante- 
rior or posterioi brat:hycephaly occurs Die deformity 
consists of a nterior- pi>s I « ■ 1 1 o i 1 1 , 1 1 1 l ■ ! 1 1 ng, increased ver 1 1 
cal height ol the skull and shortening of llu; i raniaJ base 
(Fig,?.SJ. 
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Then in I-Wti midline individual I sni urea, die s.«ij.' t nri>J suiure 

iind lhe nietnpsc AUtuie, I In.' n.i ... • mJ >:ulun' is pieseni nt 
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Flg.7,« 

Fitt dcfounily t.l 'pLipitK^phaly Ls tdatwi lo liuitaftsnil cprtli 

tjttih.mi: M-; ipiniLiti-ni? n.Milul lUuwiing, contralateral frontiil 
Wslny, ij-mLiiend oci ipttttJ iLi-. nijJg, deviation nl'the thin 
Jioini Id lhe opposite «itiV I, . n iii] of the now lo tile ipsilfri- 
eral mi I' iinil movement ol |lv r.n |.-m. ..ii :iit ; ." imly urech.'.i 
dtlcri.Micol lite delorniiry. 
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Fig. 7.7 

Poslural synostoses generally con&i&L o& ipsiluicral flaliming 
with s.Butralafceral bulging posteriorly. Posknor posil mixing of 
the crtr is seen. These are nuuinged hy sleeping positioning 
techniques, and hclrnei ihunxpy for head molding. 





Fig. 7.8 

Involvement Of both coronal sutures produces anterior bnidiy- 
cephiity. 






Sagittal synostosis produces staphi ■■•. ■■ylr.Ay 



7-5 ' ■SiiTjflcsi ("Technique: Anlcrior t >a«ial Lxpansion and Recoil si ruction < ■■:- 





Apert's syndrome. Anterioi < r.inial expansions lfielu< 
procedures pel formed for either right or left isolated 
coronal synostosis, right and left tula lend coronal sm 
iistosis, and metopic ayflestaasis, t'ostermi tttfnial 
expansion is used for the rfghl or led isolated and l>il.ti- 
eral Jambdoid deiormilies. Subunal or total calvarial 
expansion is used ror sagittal synostosis if 11 does not 
respond early to osteolomy. Le Fori III, Frontal cranial 
ad van cement, and m on obi nek procedures correct I he 
midlace and front&J hone deformities singularly or 
siirndlnneously t,monoblui Ik ) 



Flg.7.10 

TnKiroitKtph ilv is priutu'. ol by pretttatrtr* tliMinre .if ilie 
IttetOpfc suture. |l Is often (KCpmpajlicd by hypoteEorisrii 



Isolated sagiiial .suture synostosis is one of I he most 
common synostoses. .Skid I growth is restricted laterally,, 
causing an increased anterior-posterior length 6f In 
skull. Sagittal synostosis in In fa nis under 4 months of 
age is managed initially by resection of i lie involved 
m mire, Thereafter sutiual rejection and osteotomies are 
required to expand the cranial vault. Sagittal synostosis 
demonstrates impaired growth in an elongated skull 
ivith increased anterior posterior length. This produces 
doluhoeephaty or scaphocephaly {pjg, ? ,vi. When the 
n>eiopn suture undergoes premature fusion, ihere is 
diminished g row i h m the rigid and left sides of theka ..•- 
I ii id, with a prouunenl ridge anteriorly, The triangular 
skull shape produced Is known as trigonocephaly 
Mr, 7 in; l-lyperlelorrsrii is also frequently noted in 
these patients. Bilateral coronal synostosis prodm ■■* 
brachyrephaly.a lower skull with reduced anterior pos- 
terior growth 

The deformities resulting Irom synostosis are ahvay- 
more complex I h.m ihnse seen in the local area around 

' ' ' v ■ ■ I ■. i ■ . I suture.* aniipehsalnry changes areseenal a 
distance in the skulJJViashaw has postdated that other 
sutures of live .rani urn Iry to compensate for the synos- 
tosis. I he variable n i .-. is produced require COrisidera 
ttohftbl only of the area unuajor growth rest licl ion bill 
contralateral areas as well. Therefore in Irealmy a pb- 
giocephah there are techniques for bulb unilateral and 
bilateral forehead osteotomies, .Most surgeon-. g< i a -rally 
prefer a bilateral osteotomy luvause I he compensatory 
changes cm I he iioiiinvolved side are addressed better by 
i lie bilateral osteotomy, permitting im ica.-a-d ^v rriiiT.-i i v 
to be achieved. 

Three types ol reconstruction are commonly per- 
formed in craniolacial reconstruction: anterior cranial 
expansion., posterior cranial expansion, and total cranial 
i " l ' a 1 1 ; a i . r i . r l here a re t m > va rielie s of hy per I d u r ism pro 
cedures, ilu- "box 11 orbital osteotomy and the "V"" cm i 
si on bipamnon or facia! spill osleotornies ol V r ander 
Muellen. Monaster io» and lessier, which are used In 



7,4 Planning and Reconstruction 

The planning for re. (.instruction is based on a physical 
■ -animation and an initial diagnosis whit h is supported 
by data oblained from axial and three -dimensional 
compelled lnmographv I jtft ••■ lie, f,.\ } This scan can be 
placed in a data base tor archival dala colled ion and 
retrieval, both hone and brain windows .should be col- 
lected to provide maximal uilormau'un. Brain windows 
evaluate the amount of compression of I he brain and ihe 
restriction ofllie Jlutd Spaces Ol > enii tcJes Secondary to 
thegrowlh restriction. Redistribution at the subar.u li 
m.ij tluid with brain compression directly below the 
ai..a of synostosis often OMiir-wilh digital Imprest an-,-. 
in thehemc. Cerebral circulation may be decreased in ihe 
scan. Compensatory changes are some limes seen on Ihe 
eonlralateral side in unilateral deformitn-v 



7.5 Surgical Technique: Anterior Cranial Expansion 
and Reconstruction 

Anterior cranial expansion begins with a coronal incl 
si on- The Irontal and temporal areas are exposed :.n: 
periosteal If, leaving the temporalis inns., lea attached to 
the subcutaneous tissue, This provides a generous expo 
*tire lo Ihe entire frontal and bolh temporal regions (see 
J-u,7.;0. 

An anterior bone Hap (Hg.7T I j k developed which 
permits dissect urn along Ihe anterior cranial base lo 
- ■.|'nse the orbital moves and . rista gall, The olfnctOxi 
nerves are not disturbed. 

The orbits art dissected medially, super iotfy, -m^ lat 
.-rally down lo the hudy of the zygoma, i >sleok»mie>, an 
perfiMiin-J (Fig •' i_:- a- m$& the rool ol thi nrbits; the 
sphenoid mid Irontal process ol the ygonia are sec 
lioned al the malar eminence on the invoh,.. d guide arid at 
Ihe zygomaticoi'rontal suture on the irnuivobed side 
(Fig.7,l2al. II thedelVjrruilv lifail ,|. i,,l:l |g ?. I 'l-.i,such 
as hi melopic. synostosis, the oslcoiomiesare perfoiiucd 
at uhe iunctinii al ihe malar eminen, - and till rv nii.il 
process of the zygoma. This allow., a , i in ipk'ie "lateral 
,, initial advance merit" with anterior rotallon. Osienio- 
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Fig. 7.11 Fig. 7. 12 a, b 

THm anterior frontal bone flap can b* removed foUtawmg it.s dis- After dissecting the orbits medtalty, superiorly and laterally b- 
ijj] by periphei-alor cental burrholcs. lis removal pt:rmits down to the body of the zygoma, osteotomies may be ptr* 

formed on the anvolvcd .side ai the malar eminence and ut the 



i| i.sm'lI ion along (he anterior cranial base, roof of the orbits and 
exposure cri central Mruetturefi such u\the cribriform plate and 
crista gall, The olfactory nerves are not disturbed. 



■iyyouialicotronlal suture nn (lie uninvolved side. Advance- 
ment of the frontal process ot' the zygoma produces h complete 
lateral eanthul advancement hy anterior rotation of the luterul 
orbit. Frunlal bar advancement may he unilateral (a) or hiJ.ll - 
trullbl 



inies. are made across the nasofrontal suture, This expo- 
sure allows the entire area of the deformity to be 
accessed, osteotomized, and repositioned. 

When a temporal region K recessed, the temporal 
bone can be removed and replaced in an improved posi- 
tion {Fig. 7,13), The temporal regions were forme 1 1 •■ 
ii.-id for a "tongue in groove" articulation of bone for 
stabilization (Ing.. 7.14}. Now, however, temporal bones 
can be widely exposed, removed, recon toured, and repo- 
sitioned wilhout compromising stability because of 
stable fixation techniques, correcting the temporal con- 
tour, 11 the orbit is constricted in a mediolateral direc- 
tion, it can be osteotomized and an inlerpositional bone 
graft placed ( l-ig. 7. 1 . ">), Ol her wise, the frontal bar is bent 
toconiorm to a normal, bilateral symmetric configura- 
tion ami plated into position at the lateral temporal and 
nasofrontal in ml ions. It is generally plated and posi- 



tioned by plates placed in I he temporal hollow region 
(Fig. 7.16). 

finally, thelronlal bone is contoured by bending bar- 
rel slave or partial or complete peripheral osteotomies. 
The frontal bone is then plated into position (Fig, 7,] 7; 
junctional stable fixation). The bone dust saved from the 
osteotomies arid burrholes is then placed on the areas i if 
the osteotomies. An anterior osteotomy is generally per- 
formed at the nasofrontal region, which avoids di$sec 
lion of lite insertion of the medial canthal ligament, In 
yonngei infants llie Kt^rnerils nl bone con be bi&U With 
finger manipulation or a Tessier bone-bending forceps. 
After the age ol 1 year, the bone is too brittle foi bend 
tag; Inner table. scoring is ihen used to allow !oi bead- 
ing, as are greenslick fracl tires. Sometimes green stick 
1 1 .iclures or partial osteotom ies need to be supported bv 
plate ami -screw location to mainlain position. The orbi- 
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Fit), 7,15 

I he orbit is i:i>a«nclt:d in u medial to I u tend direction, if can 
r>«? ostwlnnmed and an iiiti-rpn.siliiinal boric gruh plated lu 
cor reft its width. 




The frontal b.ir is bent i.mfant bone w malleable, I lu produce an 
uli'idtonini.ir.iind placed iin nn advanced pm ii tun. J* laa-s^ecii it- 
its position and ftregeflwally placed in the temporal hallow 
thai they ure legs visible ami pidpahle, Flxarinn nt the jEj^gonW 
ijnd niJfiOlront.il regions is completed. 
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Fig. 7.1 7 

The in>;ii,,l :ii>ik rkip may be reversed J 80" in ptogiocepliuly 
correction. It can he further contoured by peripheral, "barrel 
■ i I'ri'ui sfLlinti.il osteotomies which can |>e "stabilised with 
SflO ill tntern*! fixation devices, 'the frontal bone llap is stabi 
Uzed by marginal rigid taxation. Hone dust saved from tbe-oste 

ulumies and burrholes is placed into areas uJ oslenNnnv yap. 



till segment are advanced inlo a slightly ove f cor reeled 
position and licliJ in place will) microreconsi ruction 
plates or 1:3 plates.. In children 3 mm s c re ws should he 
used since these have nol been 'shown 10 cause dura! 
penetration ifinlracranial migration occurs, Boflg.gttifts 
can also be used in contour mode* and lag screwed into 
position. Some fixation is usually neces^jry at che naso- 
frontal |uik iksu. 



7.6 Posterior Cranial Expansion 

K'll.Hed posterior minia) expansion is carried out 
through a brpariejal incision (see Fig, 7.2). Subp cri osteal 
dissection is used to txpose the occiput and lamhdoid 
.masdewn ro the occipital region, in ihe junction of ihe 
posterior neck muscles, A two-piece parietal-occipital 
craniotomy is usually performed in a transverse fashion, 
completely encompassing the skull deformity, The ftsie- 



otomy begins 5-8 cm above the junction oi the left 
lambdoidal sutures and along the sagittal suture. It then 
extends m a t urvalinear fashion to involve I he usterion 
region. The interior osteotomy is performed below the 
transverse sinus. A u'nnvil transversa osteotomy below 
the junction ol" Ihe lambdoidal sutures divides a poste- 
rior craniotomy into two segments f-Fi^ 7 A 8). The seg- 
ments are elevated, and a lower "occipital bat ' i an be 
harvested which allows the same facility ol reconstruc- 
tniii .is anterior by moving and positioning lhe"irontal 
bar." 

Por right or left isolated lambdoJd suture synostosis 
the bone segments may be rotated 190", This allows the 
expanded bone from the contralateral (compensatory) 
area to he placed on the ipsilalcral or flattened si4ft I 1 ■ l- 
fl aliened ipsilateral bone can be placed loosely on lop oi 
the bulging dura and the contour deformity Corrected. 
Extending the rotation a link- bit beyond 180" assists in 
providing udequale expansion and fixation. 

I) an occipital bar is not required, the advanced seg- 
ment is held in place with "stepped" reconstruction 
plates bent lo allow the appropriate advancement. "b,i i 
rel stave" peripheral osteotomies are sometimes per- 
formed in the bone llap lo increase the contour. I be har- 
rel staving allows contouring to be performed. This 
saint- technique can be used in ihe frontal bone. 
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Ffg.7.1B 

I In: jii.sii irtqr cnrniiiJ fspaiisirui involves removal ut'i he poste- 
rior skull iin.l wn tei with creation ol m 1 n t- ci 1 1 wn s« ■;:••. 1 1 1 1 • 1 1 1 .-. ; 1 ulI 
posterior KCpaSiiiAm and vertical height reduction. A iowej 
".•• i|"'- bill 1 P be hurvested, whU:h >U9i«S :.".lv.iFKemeni mid 
niposatinnlxiji. 

The occipital bar ftj&feeetl advanced si rimgly posteriorly, 



7,7 Complete or Subtotal Calvdrial Expansion 

Full M.inml expansion is an cstuns,ive operation 
re.st'i ved only lor those patients with total ealvarird 
deformities which CfHIttM be corrected hy simpler pro 
ccd tires. One- stage lull L run I ia I expansion procedures 
lire generally avnided in those under 2 years <>] ,igc, due 
to blood replacement and monitoring difficulties und 
Ihr potential lor signil'n.iiii omplicnluuis related lo the 
sphinx position, such as air embolism. Two- si age ante- 
rioi ami poatoJrio'r ptauitii ■ :■. ^ii 1: .i-. -n.-, arc someiimes 
performed to perm 11 correction of ilie dehor milie.> with 
Ir.ss complicated openilinos (Pig, 749). Older individu 
il ;, however; can have u lull cnmiti! expansion with or 
without a ironed bar inone.stnge.Thc use of the Ironlal 
bar depends UpOttfllC de-fur mil y observed 

A lull cranial e#pan£ton alluws nil ol I he bone ,seg- 
111.. uts of the frontal, parietal, and 01 ctpilftl area? k> he 





I ii \m r-u 7 • Cnniafocial Defomtiii&t 




Fig. 7,19 

Staged rtincriut and posjEriOT crwjijtl i-xp^nsion*; allow B i 
i ■■■ MiiMiMs nl ' lilt L'nlirc Lilv.iriurti in hWQ fttftges. 




Fig. 7.20 

Cn:ai.ji>n ol a midline bat fittemfcmjj WW ifie Sagittal 6i 
■ .i-i |-l.i.:.i.i. iiuily iiUon'.s bruin support .in<l osteoliimy s-tiihlJ 
ity In lotul mlvarial reconstruction. 
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Fig. 7.21 

In tw-adiycepluly ihc vertical hcighi should be shxxtmeA 
which i-, |n-imillL-Ll by ^eit*paSJefiOf utiJ [ilkTnle.vpnnM.Mi 



removed, apprapriajiisSfy contoured, and rt\ nisi tin tied. A 
bar is usually left eilher in the center or posteriorly to 
provide lira in supporl fPlg. 7.20 ). Subtotal cranial 
expansions are generally performed in patients with 
retiirrcnl or seven: deformities- who have not achieved 
siginiK .in- correction wilJi simpler procedures. These 
patients usually d cm on st rate delayed growth, and SOTOC 
have microcephaly refill ling in "secondary synostosis," 
In some case? a frontal bar advancement is required 
■ ' I ■ • r 1 ; •, '.vili ,1 |m;-.u rior expansion whkh in ii (till cranial 
expansion,! Uie mt.HH tailor the expansion tn the anion nl 
ol' stretch that the scalp 1 an tolerate and snll he able to 
dose I hc-iht biatu J n almo>il all C&pegs. 1 his requires mobil 
iv.iiion . . r Hi.- :-,.. ,ii|. and galea! scaring, 

> ."iisiiiH linn proceeds with Lhe placemen! of 
I he frontal bfflj En Ml appropriate position. The two wings 
ufllif frontal bar and frontal hurie are llu'ii^'lutmed" lat- 
er j1 I y lo i its 1 r ; 1 ■-. , ■ the frontal width. The temporal and 
parietal segments. Usually separated 111 itKtivitltn.il seg- 
ments, are then advanced laterally and "step- plated" lo 
iln basal skull, this allows for lateral expansion of «ig- 
mfkaiku.Tbot: bone segments sometimes require con 
touring. barrel stavi jig, or shortening,;ii|'ri mrly to allow 
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the born.' to he rotated laterally and inleriorly and mam- 
liiiri Ihe proper height; The possibility oi too much ver- 
tical expansion is managed by. superior osteotomies; 
decision needs to be made as lo how much superior vol- 
ii mi" increase is required. 

I'inatly, i rn in.cipii.al and lumbdoid .segments are 
advanced anteriorly into position and rotated laterally 
to decrease I he anterior posterior .skull length which 
improves the Iransverse diameter. It decica.se m the 
anlenoi'-poskiioi length oi die skull is desired, the 
!!■ ulal and occipital bones ate moved posteriorly and 
anteriorly, respectively, so that the skull length is 
decreased. The lirain is compressed in the anterior-p" • 
|i rOt dimension and moves laterally I • »■ occupy the 
expanded lateral hone framewoi k, In patients vy'ho dem 
oostrate brachyiephaty, the expansion should Dartif 
anteriorly and poster inrly.and I he vertical height should 
be reditu, d I Ff| 21), 

Hone deli it i.-. . annul be tSKpw ted !o heal by spontane- 
ous osteogenesis in putients who are over 2 yeai s of age. 
Then lni -e bttaf a split from the inner tables ol' die skull 
to Uiat a full bone recon.u i m lion can be coinpleletl. 
Hone defects should be filled with grafts hi anyone over 
3 years of age. The grafts are positioned to provide 



stability of expansion. Occasionally I here is so much 
expansion that scalp closure is not possible even with 
"criss-cross" galeotumies, I'lus situation must bu cor- 
rected by decreasing ihe amount of inter positional bone 
grail in the expansion and reflating the segnSenlS in B 
less expanded position, 



7.8 Hypertelorism 

The cor reel .ion ol hypertelorism classically involves 
"box" osteotomies performed around the orbital teg ion 
(Fig. 7.22) Gorople* osteotomies, or facial biparuiions 
( Fig. 7,^Vl,are designed to reduce the transverse diame 
ter of the upper lace and improve the width of the max- 
illary arch and the etil ire maxilla,, treat I ng a " V " exc ision 
where the orbits are rotated into position, The path oi 
these osteotomies musl be guided to avoid teeth. The 
presence ol I he slanted orbit (inferior displacement of 
the lateral orbit | requires correclion by orbital rotation. 
The osteotomy cuts arc visuahml in fig. 7.1.1 ,nul MS. 
The use of I J plates and screws U ideal fot these osteot- 
^iin/ed segments. 





Fig. 7.22 

The eorrwiinn Of hyper lelorism involves orbital U413e&t0rt»i«i 
ul ihe"bw ,, conhgu ration, Rcsed ion ol a cemnil na«4t,9egHT«iii 
und mpdi.il movement ofll« ol frits i 1 1 nil u mi rc< 1 1; >n of the 
hypei ti loi tina. 
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Fig 7.23 

Fncial WpurtiliOTI (is1ruliv.,ii, . involve mUitiiM'. fif tin' ivnlire 
moxill.i .mil Etoittd bom:: as n jingle woi. A central U V" is 
{i is-ed permitting ihe orb i L . to retain Into position, ThJs In 
espiiuuHyuwfulwuMrcclloiiol Uu nilei uu loLilioiiof Uielul 
cm I (irbil. Aduilkniully, ihe width cd ihe maxillary dental un-h 
is Irnpruved by lateral minium, 'The use ol ibis ■mleoioniy 
uvoids I in- inferior orbital osteotomy HJlMltA'tcd »n lift- "•-- 
which would impair developing teeth, 



lical cor reel ion. in orbital dystopia. A single, or hi I can btf 
moved up ur down (Fig. 7.2.^}, A uiiriii'iaiiiiitinny or 
standard iVnnUil eranibttwwy provides the exposure. 
Som e overco. r reel i< >n (4 mm) is suggt>; bed 1 1 1 e j u d i c u >\ \> 
use mI plate and '.crew fixation in cr; ini.il B&tCOtomltiR 
allows 1 ht- surgeon to obtain confiistontly good results 
while mhiimiwng complications. 



7.9 Mono block Osteotomies 

T11 nionoblovk OStCOtorn'Sss ihe use of a simultaneous 
advancement of the midi'ace and frontal bone allows 
correction of thcexorbitism and midiace rctrusion in a 
single opera I ion (Fig, 7.24), The Operation has beffW 
plagued by a 10% incidence of infection which, occurs 
from nasal-subcranial communications and contamina- 
tion in "dead space* behind the advanced Irorital bone. 
Most patients benefit from the use of stable fixation as 
opposed to wires. 



7.10 Orbital Dystopia 

. .1 multaneous orbital osteotomies are used for the verti 
cal correction of cranial -orbital detbrmi lies* such as. ver- 



7.11 Craniofacial {Hemifacial) Microsomia 

I'Ik: syndrome of craniofacial (hemifacial) microsomia 
involves malat hypoplasia, the possibility of 'facial weak- 
ness, paralysis, underdevelopment, or absence ol I lie 
,■ v:i:onia, lateral and inferior orhil, and temporal man 
dibular iuini (lug. 7.26). In its complete form the cleft h 
a lessier h7 cleft with microstomia microtic exttfi ft&l 
ear and underdeveloped ipsi lateral torque, soft palate, 
; • ri • I muscles of mast I cat ion. The parotid gland and duct 
can t>e ahsent. The seventh cranial nerve may have 
absent, partial, or complete function, hypoplasia or 
aplasia. When ihe external and the middle ear art- 
ilk'dcd, tunduclive hearing tftSS \$ present, 

The osseous manifestations involve mandibular deti- 
1 5eru y, which urn vary i nun minor flattening of the con 
dylar head to complete absence of the entire mandibti- 
lar ramus, with deviation oi ihe mandible and 1 be lower 
I. ice toward the affected tide. The maxilla is lilted, and 
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Fig. 7.24 

The luunublock fistixilomy involves udv.ina'niiMil oj ihc mnl 

tiKeand Irontdf bofiesimuUflneouiily Incorwci '-•xurbitism iiiitl 

mip lldtt:- |V| nisioiu I'ho de;ld Space in i ::im uuiK .ilii.m wilh lli: 

mute behind theidvawcid Irurtul feme is subject to InffecUeq, 




ngfc orbil can he moved up ,nul down hy exposure pro- 
vided by a smi3ll frontal bftft* flap. In orbital dysh r in on i • 
lir.ii.v.sorncowr OOrteetiqn is siltf.i :■:■■ Hit I Marginal lixatipn ltd 

bilizes the twiiotoiny. 
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Fig. 7.26 

In hemifacial microsomia a .short mandible and muxilU are 
found on (he ipsjkteral side, The syndrome is classified by the 
amount of mandibular hypoplasia and development or the 
condyle. 



therefore the occlusal plane is canted superiorly. Various 
degrees of zygomatic hypoplasia ate seen with absence 
of the zygoir lain a re h and condylar fossa insewecHM s. 
The orbit may be inferiorly dystopic, and cranial asym- 
metry may be present. The surgical procedures involved 
in mrii'i Hon use mandibular osteoiorm'es, ami recently 
also bone lengthening, costal chondral bone grafting, 
and bimaxillary osteotomies with genioplasty 
(Fig,?,26). 



7.12 The Treacher Col tins Malformation 

The midfor iiiainui in Treacher (Jollins syndrome is 
thought to be a combine lion of the Tessier #6, # 7, and #8 
clefts. Absence of the zygoma, coloboma of the lateral 
lower eyelid, andmongnloid slant of the palpebral fts 
sure, deformity of the orbit, and absence of the eye- 
lashes, hypoplasia of the mandibular ramus, anterior 
open bite, severe retrusion of (he chin and an absence of 



the zygomatic arches, fusion of the temporalis and the 
rniisseler, microstomia, palatal clefts, choanal atresia, 
and absence o| the rnalar prominence characterize the 
deformity, 

Skeletal correction involves soft -I issue transfer Irom 
the upper to the lower eyelids, osteotomies or hone 
grafting of the mandible, maxillary osteotomy 
(Fig, 7.27), geniopla sty and reconstruction of the zygo- 
ma* with ealvarial hone grafts. Lateral canlhopexies 
improve the lateral position Of the eyelids, and generally 
a ^off-tissue (lap must be added to the lateral portion of 
the lower lid, 



7.13 Encephaloceles 

Encephaloceles are bone defects in the cranial vault or 
base which allow prolapse oi meninges and brain tissue 
into the nose, urbiU or temporal region. These ure 
approached by fromal bone flu p and repositioning of the 
prolapsed meninges and brain tissue. A bone graft 
(Tig. 7.28) can be placed over the defect, h'xeess skin is 
resected. 
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Fig. 7,26 

In heinJiacial nikros In ■< ihOfl mandible u»J jiuixiLLj mi 

i i i 'M I In: i ;i:;i!ulcnil side. The syndrome is du.isi.lied by I Jit 

.' in 1 ■'•: 11! nl maiidilniLii 1 1 ■. f 1 1 -| I usi^i ,.md ii'.'v..'l<i| l nii'n| til" the 
i'i-imI;. i.' 



therefore the ikcIu.su I plane is canted superiorly. Various 
decrees of zygomatic hypoplasia are seen with absence 
ol the zygomatic arch and condyl jr fossa in severe cases, 
Tlit" orbit may be interiorly dys topic, and cranial asym- 
nic-try n i . i ■- be present-Thc surgical procedures involved 
in correction use mandibular osteotomies, and recently 
also bone lengthening, costal chondral bone grafting, 
and bi maxillary osteotomies with gen iop tasty 

(F«U.7.;f:..i 



7,12 The Treacher Collins Malformation 

The malformation in Ireacher Collins syndrome is 
I nought lo be.a combination of the Tessier Vb, tt 7 t and tf M 
clefts. Absence of the zygoma, coloboma of Ihe lateral 
lower eyelid, rtr)iiiiioiij;oliud .slim I of the p@lpebf.aJ In- 
sure,, delomiity at the orbit, and absence ot The ejng 
lashes, hypoplasia ot the mandibular ramus, anterior 
Ojje.fi l 'it' 1 , Msircrelnisjon of the chin and an absenu ol 



the zygomatic arches, fusion nf Ihe temporalis mid the 
mussel im.. iii,i, ii isioiriii-i, pali-md clefts, choanal atresia, 
and absence of Ihe malar prominence characterize the 
deformity. 

Skeletal correction involves &oft-tlSSU« i innnfvi from 
llu- uppei to the lower eye I ids, osfteotoiTjies or bone 
grafting of ihe mandible, mamillary osleolorny 
I Fig, ?,;'-';■:', gmioplasty and re<:oHslriu.luin ftf the fcygO- 
mas with calvarial bone grafts, Lateral canthopexies 
improve the lateral position ol lite eyelid'-., and geitWJ ally 
a .suft-iisstic flap must btr 'added lo ihe lateral portion ol 
llu* lower ltd. 



7.13 Encephalocelei 

Bncephalocek-s are bone defects in ihe cranial vault or 
base whit Ii allow prolapse of meninges and brain tissue 
iuio the nose, orbit, or temporal region. These are 
approached by frontal bone flap and repositioning d! tht 
prolapsed meninges am\ brain tissue, A bone graft 
(Fig. 7.203 tan be placed over the defect, Hxcess skin is 
resected. 



**i 'I'.m • rraniuiminl . Defcirinilif* 





FIg.7,27 

i fw Treacher Colllni iiuiJrunTuiiHHi fe n i.iri.ic-, .1 |.y nihtnl nml 
ty^gpmatlc bcrac gwrf l nacoiwiruciiQita) the tatcr.il uid Iiuvimi 
p Tii.-ins rrf the urbil and (he sygiwnatfc; arch, 
'llio mnacUbk is ad* ed with lntoiei-iil taterpostoiaaal 

bflpc i:rul!, .ind itttcoiornii-,. The muixiKu mlu( be mi.ikd .is 
Mil, 





7-i4 • Bone Lenghlhvning by Continuous Distraction jig 



raphy examinations for more complex deformities. The 

7.14 Bone Lengthening by Continuous Distraction orthodontist may have to play an important role, assist- 

ing the surgeon in planning the movement and position 
In recent years Hizamv's idea of bone lengthening via of the osteotomy. Patients frequently require functional 
distraction after osteotomies has been introduced into orthodontic I reatmenl following the procedure in order 
craniomaxillofarial surgery. to maintain or improve the occlusion. The orthodontist 

can assist the surgeon in monitoring the process of the 

distraction to obtain the ideal functional occlusal and 

7.14.1 Distraction for Mandibular Deformities esthetic results. 

The procedure begins by placing a nasal airway for 
In the past many deformities of the mandible required bilateral and, to a lesser extent, unilateral procedures. 
complex reconstruction. The reconstruction either took Appropriate antibiotics are usually given. A buccal inci- 
the lorm of the bone graft being plated in a mandibular sion is performed near the site of the proposed mandib- 
delect lollowed by stable fixation, or, occasionally, the ular osteotomy. A subperiostal dissection is then per 
tissues required vascularized bone to optimize (he final formed. The location o( the osteotomy is planned with 
results, consideration of the position of the inferior alveolar 

Distraction osteogenesis has the advantage of allow- nerve and tooth follicles. The osteotomy should ideally 
ing reconstruction of mandibular deformities in a con- be perpendicular to the plane of the movement that is 
trolled fashion with the native bone. In mandibular desired. A burr can be used to mark the position of this 
delects from either trauma or lumor this can be accom- osteotomy. The position of the pin placement is then 
plished by performing an osteotomy of the bone on determined. The ideal condition of the pin should be 
either side of the defect, transporting this bone across parallel to the direction of the movement and perpen 
the defect to reach ultimately the other side of the delect, dicular to the osteotomy (Fig. 7.29a). 
creating bone as t he segment is moved into position. In A trocar is used to place the pins after a small incision 

congenital defects in which the mandible is smaller on a is made in the skin. A drill guide is used to protect the 
unilateral or bilateral basis (hemifacial microsomia, or soft tissues. Once the drill hole has been completed, pins 
Treacher Collins syndrome) the mandible can be in- are placed. Some distraction devices require placement 
l i eased in size by, again, creating an osteotomy and oi plate and screws, which are then the focus of the dis- 
lengthening the bone in the direction in which normal traction. An osteotomy is then performed along the hue 
growth should occur. cal surface with a Lindeman round burr or a reciprocal- 

Patients with congenital deformities are those most ing saw. The completion of the osteotomy along the lin- 
commonly undergoing distraction at Ihis time. Patients gual cortex is performed with art osteotome. The 
with asymmetries of the mandible in moderate defor- completion of the osteotomy is then confirmed. The 
mities are the best candidates. Mild deformities require device is then placed and activated to determine 
a choice between a scar versus improved bone symme- whether the segments can move (Pig. 7.29 b). 
try. in severe deformities the mandible maybe too small Standard postoperative care includes pin tnu i clean 

to perform an adequate osteotomy. Bilateral deformities ing for an external device, thorough cleaning tor intei 
frequently have a significant esthetic deformity, but are nal devices, and probably liquid, progressing to soft diet 
ol more concern for functional problems with the air- depending on the amount of stability. Distraction begins 
way and sleep apnea. Distraction can open the airway in the early postoperative period. Some physicians allow 
and decrease the need for tracheostomy by bringing the a latency period of 5 days, and some begin distraction 
mandible forward. immediately. Distraction should be initiated within 

Evaluation prior to the procedure usually requires 5 days. It begins with I mm distance per day, using a 
orthodontic assistance, as do regular osteotomies and cycle of at least two times or preferably four times a day, 
the traditional advancement techniques. The records Follow-up is on every 3rd day to assess the device posi- 
include cephaiometric, panorex, and computed romog- lion and care, making sure that distraction is occurring, 

Obviously, if the device is activated in the wrong direc- 
tion, compression occurs, and the result is compro- 
mised. Cephalometrics and panorex records are 
obtained after I week, 2 weeks, ] month, and 2 months. 
The device is activated until the desired skeletal 
reconstruction is achieved. Visual confirmation of this 



Fig. 7.28a, b 



4 Encephaloceles involve defect m the cranial base with pro- 
lapse of the meninges and brain tissue. Correction involves «cwatructnre resul1 should be obtained. The device IS 
exposure wiih a frontal bone flap (a), retraction or resection of ' e " in place until there is evidence of further cnnsolk I. i 
the prolapsed tissue and bone graft obliteration of the defect tion on the X-ray. 

(b). 



?,2 o C i r a p t i: « 7 C rn n i ofw i a I Deform ities 







Fig.7,29a,b 

a F<ir i-lisLtiiL li-.ni uniliileiHlJy in (he left rnun Jihul.H .m-Jr .irea 
the osteotomy is completed anil tin: pilnt holes in a jicrpen- 
diuulor direclii)n to the oslenu-imy line are prepttlei I 

b Aftrr serial activation u\~ llu: fiUvltie II mm pej day) the 
desired bone lengthen dig is achieved. 
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Di?v^.'' lis shown i« Fig, 1.29 d-d. 
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7.14,2 Midface Distraction 
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gical techniques in internal fixation of fractures, in restoring 
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for the surgeon in the operating room. The techniques are 
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